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ABSTRACT 
Fire was a controlling force in the Iowa landscape long before Euro-Americans took up residence 
among its forests and prairies (Anderson 1998).  Rivers and river valleys are features that 
influenced the spread of these fires (Leitner and others 1991, Anderson 1998).  Based on 
previous studies in the midwest, the primary wind direction during fire season was from the south 
and west (Leitner and others 1991, Anderson 1998).  As fire spread, river valleys acted as fire 
breaks and decreased fire frequency and intensity in protected areas to the north and east (Leitner 
and others 1991).  In this study several spatial and statistical measures were used to examine 
evidence for this view of the spatial relationships between rivers, landforms, and fire within Polk 
and Dallas Counties, Iowa. Mean direction and distance to General Land Office (GLO) timber on 
both the north/east (protected) and south/west (exposed) sides of rivers was calculated using 
Euclidian distance and direction functions in ArcGIS.  Timber was determined to be present in 
larger quantities in the protected zone in Polk County, and in the exposed zone in Dallas County.  
Timber was also determined to be farther away from GLO rivers on average, in exposed zones in 
both counties.   These results do not support the hypothesis that timber was present in greater 
quantities and was further away from GLO rivers to the north and east, and demonstrate the need 
for research in additional areas.  GLO tree species composition (witness, bearing, line, and 
meander trees) was also analyzed to determine if edaphic and vegetative factors including soil 
characteristics, slope, and GLO vegetation type were similar on both sides of GLO rivers.  Based 
on this analysis, it does not appear that edaphic factors are different on protected and exposed 
sides of GLO rivers, so they do not provide an explanation for differences in tree species 
distribution.  Importance values were calculated for each species within each zone by summing 
relative density and relative dominance values (Bolliger and others 2004).  In the protected zone, 
species with the highest importance values included White Oak, Elm, and Burr Oak.  In the 
exposed zone, species with the highest importance values included Burr Oak, White Oak, and 
Elm.  For trees lacking genus or species identifiers, edaphic and vegetative factors were analyzed 
to determine a likely genus or species.  Results of this analysis for 37 trees identified only as 
‘maple’ resulted in 26 trees designated as Silver Maple, and 11 trees identified as Sugar Maple.  
For two trees identified only as ‘Black’, one was identified as Black Walnut, and one was 
identified as Black Oak.  For the 35 trees identified only as Ash, 26 were identified as Green Ash, 
and 9 were identified as White Ash. Future research should include the expansion of this study to 
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additional parts of Iowa, analyzing species composition based on fire tolerance, and measuring 
the statistical significance of differences in composition in protected and exposed zones.  
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1 INTRODUCTION 
The primary purpose of this study is to analyze timber locations and species composition in 
relation to edaphic and vegetative factors along historic river valleys to provide information that 
can aid with restoration efforts in these areas. The study examines evidence of a “fire shadow” 
effect created by General Land Office (GLO) rivers and valley walls within Polk and Dallas 
Counties, Iowa, by analyzing the location and distance of GLO timber in relation to GLO rivers.  
Additionally, tree species composition was examined along these rivers to analyze spatial 
patterns that may support a “fire shadow” effect, as well as to examine spatial coincidence of 
species with edaphic, or local site factors.  Fire shadow can be defined as the blocking of 
spreading fire by rivers or streams, leading to a largely forested landscape on the protected side, 
and a largely prairie landscape on the exposed side (Anderson 1998).  The study began in Polk 
County, and was continued in Dallas County as a result of the need for additional data. 
1.1 Background 
Prior to beginning research on the fire shadow effect within Polk and Dallas Counties, several 
steps occurred that helped in the development of this project.  In 1996, the GLO vegetation map 
for the state of Iowa was digitized as a Geographic Information Systems (GIS) theme (Anderson 
1996).  This map describes the Iowa landscape between 1832 and 1859 as GLO surveyors 
traversed the state measuring section lines and documenting features within the landscape.  The 
GLO vegetation map was developed through the analysis of GLO field books, which included 
written notes, and hand drawn maps.  The statewide map includes 38 vegetation types and over 
16,000 polygons in the GIS theme.  This map, created by Paul Anderson and research assistants, 
provides information on the locations of timber and other vegetation classes throughout the state.  
GLO surveyors mapped Polk and Dallas Counties during the time period of 1847-1851 when the 
landscape was relatively undisturbed by Euro-American settlement. 
In the fall 2008, research focused on GLO soils in Franklin Township in Polk County, Iowa 
began.  This research focused on analyzing GLO soils data, particularly the ratings that were used 
by surveyors to describe the soil quality for agricultural use.  More specifically, analysis 
compared soil ratings between surveyors and areas classified as first rate, second rate, and third 
rate soils (Anderson 2004).  Comparisons were also made between GLO soil ratings and present 
day soil ratings done by the USDA to examine similarities or differences in what is considered 
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first rate or prime soils for agricultural use.  This research eventually led into a more extensive 
analysis of edaphic factors, including soil drainage class, soil texture class, slope steepness, and 
slope aspect in Polk County.  This research played a critical role in the development of this thesis 
topic.  Initial vegetation analysis seemed to show evidence of a fire shadow effect (Nelsen 2010).  
Additionally, species composition analysis was originally undertaken in Polk County, and then 
expanded to include analysis of edaphic factors, such as soils and landforms. 
In the fall of 2010 as part of the LA 567 Advanced GIS Modeling course, research previously 
done in Polk County was expanded into Dallas County.  Additionally, spatial and statistical 
analysis was also completed for both Polk and Dallas Counties based on recommendations from 
the initial Polk County study during the spring 2010 semester. 
1.2 Questions, Assumptions, and Parameters 
Six spatial questions were developed based on literature and existing analysis of the fire shadow 
effect and vegetation composition in the state of Iowa.  These spatial questions provide a 
framework for the spatial analysis, and guided the selection of research methods.  The six spatial 
questions developed include the following: 
1.   Are areas of GLO timber disproportionally located on east and north (protected) sides 
of GLO Rivers? 
2.  Are areas of GLO timber located on east and north (protected) sides of rivers further 
away from rivers than timber on south and west (exposed) sides? 
3.  Is the tree species composition on the protected side of GLO rivers significantly 
different than the tree species composition on the exposed side? 
4.  What are the most important tree species in the protected and exposed zones based on 
the calculated importance value index? 
5.  What are the spatial relationships between GLO tree species composition and edaphic 
and vegetative factors, including soil texture class, soil drainage class, DEM slope 
class, DEM slope aspect, and GLO vegetation type? 
6.  What are likely species for trees identified only as Maple, Black, or Ash (trees lacking 
species identifiers)? 
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Hypotheses for each of these spatial questions were also made, based on existing literature, and 
previous studies of edaphic factors in Polk County.  These hypotheses include the following: 
1.  GLO timber is present in greater amounts on the north and east (protected) sides of 
GLO rivers compared to the south and west (exposed) sides of GLO rivers 
2. GLO timber on the north and east (protected) sides of GLO rivers is farther from 
rivers than timber on the south and west (exposed) sides 
3. Important species in the protected zone include more fire tolerant species, and 
important species in the exposed zone include more fire sensitive species. 
Assumptions were developed prior to beginning the analysis.  These assumptions were included 
to consider factors that may not be known within our study area.  These assumptions include the 
following: 
1.  Edaphic factors (local factors influencing tree distribution) are similar on both sides of 
the river 
 2.  Differences in vegetation composition and patterns are due to disturbance regimes, 
such as fire, rather than edaphic factors 
 3.  The primary wind direction during the period of 1847-1851 was from the south and 
west toward the north and east 
 4.  Little or no fire suppression by humans was present immediately prior to GLO surveys 
of 1847-1851 
 5.  The GLO vegetation maps and GLO tree records provide a useful description of the 
vegetation present in the study area 
 6.  GLO trees indicated by GLO surveyors as Elm are assumed to be American Elm 
(Ulmus americana) 
The first assumption is that edaphic factors were similar on both sides of the river, and therefore 
would not explain differences in timber distribution in the protected and exposed zones.  Edaphic 
factors can be described as localized site conditions that influence tree distribution including soil 
texture and soil drainage classes, slope steepness, and slope aspect (Anderson 1998).  
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The second assumption is that differences in vegetation composition and patterns are due to 
disturbance regimes such as fire, rather than edaphic factors.  Fires was a common occurrence in 
the central Iowa landscape prior to settlement by European-Americans, occurring as frequently as 
annually in some instances  (Schweider 2011). 
The third assumption is that the primary direction of prevailing winds is from the south and west.  
Because wind records for the 1840’s were not available, the only long-term records available 
were data collected at the Des Moines airport between 1973 and 2009.  In this research, it is 
assumed that prevailing wind patterns have not changed since 1847-1851. 
The fourth assumption is that there was little or no fire suppression by humans immediately 
preceding the GLO surveys in 1847-1851.  Prior to surveying Polk and Dallas Counties from 
1847-1851, the land was largely unsettled by Euro-Americans, except where squatters had 
prematurely settled land as their own.  The state was home to 17 Indian tribes including the 
Ioway, Sauk, Mesquaki, Sioux, Potawatomi, Oto, and Missouri, but the majority sold their land 
to the government prior to 1830 (Schwieder 2011).  The Native Americans present in the study 
area during this time did not alter the landscape to nearly the extent that would occur in the 
following decades by Euro-Americans.  For this research, we assume that these areas occupied 
by Natives and settled preemptively by Euro-Americans did not significantly alter Polk and 
Dallas Counties’ vegetation composition. 
The fifth assumption is that the GLO vegetation maps and GLO tree records provide a useful, but 
biased description of the vegetation present in the study area.  Vegetation was drawn on maps 
using the surveyors’ best judgment, and based on visual assessment of the landscape.  For this 
reason, and the pace at which the surveys were completed, accuracy of vegetation is not 100%.  
Additionally, the preferred species for surveyors in marking line, witness, bearing, and meander 
trees (GLO trees) were oaks (Iowa Valley Resource Conservation & Development 2011), which 
could lead to a disproportionally higher indication of oaks than is present in the landscape. 
The sixth assumption is that all GLO trees indicated by GLO surveyors only as ‘Elm’ are 
American Elm (Ulmus Americana).  According to Burns and Honkala (1990), American Elm and 
Slippery Elm have very similar growing habitats and conditions.  For this reason, and to simplify 
tabulation of results, all GLO tree records indicated by surveyors as Elm are assumed to be 
American Elm. 
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1.3 Contributions of this Research 
The main objective of this study is to provide information on historical timber and species 
distribution within Polk and Dallas Counties, Iowa.  This information can provide a baseline for 
restoration efforts in these areas.  This study helps determine the role that rivers and river valleys 
played in the suppression of wildfires that spread across the landscape during the time of the 
GLO surveys and immediately prior to settlement by Euro-Americans.  The research seeks to 
examine GLO surveyor records for evidence about the spatial and statistical distribution of 
timber in relation to protected zones to the North and East sides of rivers.  The research also 
analyzes tree species composition and relationships with edaphic and vegetative factors.  Lastly, 
the research determines likely genus or species for trees identified by GLO surveyors only by 
genus. 
This study can contribute to a number of disciplines including landscape architecture and design, 
natural resource management, ecology, and forestry.  The primary contribution is to restoration 
of forest landscapes in central Iowa.  Because the study area consists of two centrally located and 
relatively flat counties in Iowa, results cannot be generalized for the entire state.  Forest, prairie, 
and savanna restoration efforts can be assisted by understanding species that were native to the 
Iowa landscape prior to the time of Euro-American settlement, and understanding the dynamic 
relationship between fire and these tree species. No study of the fire shadow effect or species 
composition based on GLO surveyor data exists for central Iowa, and this study may serve as a 
basis for future exploration. 
1.4 Key Terms 
Edaphic Factors- Factors that are specific to a certain location (local site factors) including soil 
drainage class, soil texture class, slope steepness, and slope aspect 
Fire shadow- The protected area created by blocking the spread of fire by rivers or streams, 
leading to a largely forested landscape on the protected side, and a largely prairie landscape on 
the exposed side (Anderson 1998) 
General Land Office (GLO)- Government agency responsible for the public land survey system.  
In Polk and Dallas Counties, surveying took place from 1847-1851 
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Protected Zone- Areas on the north and east sides of GLO rivers within 1600 meters 
Exposed Zone- Areas on the south and west sides of GLO rivers within 1600 meters 
1.5 Thesis Organization 
This thesis is composed of five chapters.  Chapter 1 provides a generalized introduction to the 
research, providing background information and the spatial questions guiding this research.  This 
chapter also discusses the contributions of this research to scientific and educational 
communities, and explains key terms that are used in the thesis.  Chapter 2 provides a review of 
relevant literature that helped guide this research, and provide an understanding of the results that 
were developed based on previous studies.  Chapter 3 presents the methods that were used to 
guide research and provide answers to the spatial questions that were developed during the 
research.  Chapter 4 presents the results of the analysis that was performed for each of the six 
spatial questions.  Results for each question are accompanied by a discussion of the results and 
comparisons to results from other studies.  The final chapter, Chapter 5, discusses conclusions 
and recommendations for future research.  Recommendations are divided into two groups: short 
term and long term.   
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2 RESEARCH DESIGN 
Literature that describes the fire shadow effect and previous studies of the fire shadow was 
examined to help develop the framework of this research.  Literature also aided in understanding 
the issues and complexities of analyzing the movement and effects of fire on trees.  These 
sources also describe the role of fire in the development of forests and other landscape vegetation 
communities.  Literature that describes historical timber distribution in Iowa, forest communities, 
and growing conditions of the various species present in this study area provided a better 
understanding of the composition and distribution of the forests that were present in the state 
during the time of the surveys. Sources describing the GLO surveys provide an understanding of 
some of the methods and limitations that exist with data collected during these surveys, and an 
understanding of the procedures used to collect data.  The framework of this research as well as 
definitions of key terms provides a general description of the research methods and terms that are 
essential to this study. 
2.1 Literature Review 
Fire Ecology 
In his article Overview of Midwestern Oak Savanna, Roger Anderson (1998) discusses the 
makeup of the Midwestern landscape prior to Euro-American settlement.  The landscape was 
largely characterized by three indistinct plant communities: tall grass prairie, savanna, and forest 
(Anderson 1998).  These plant communities resulted from both edaphic (site) factors as well as 
natural and cultural disturbances.  One of these disturbances was fire, which was present as both 
a natural disturbance from lighting strikes, as well as a cultural disturbance, started by Native 
Americans as a means of managing the landscape and its habitats (Anderson 1998).   Edaphic 
factors that affected the landscape included topographic form and soil characteristics such as 
moisture and texture (Anderson 1998).  Topographic form can slow or even stop the spread of 
fire as it moves across the landscape.  This can be seen along river valleys, where the steep valley 
walls created a firebreak.  “Waterways functioned as firebreaks.  The west side of streams and 
rivers tended to be vegetated by prairie, because fires tended to be carried by prevailing westerly 
winds, whereas the sheltered east side of waterways supported forests” (Anderson 1998, p. 9). 
Lawrence Leitner and others (1991) provide a similar account in their article titled Effects of site, 
landscape features, and fire regime on vegetation in presettlement southern Wisconsin.  They 
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used original survey records to analyze the landscape of three townships in southern Wisconsin 
bisected by the Pecatonica River.  They then compared vegetation types on the east and west 
sides of the river to determine if the river acted as a natural fire barrier.  Findings were that tree 
species richness and diversity were lower, trees were smaller, and trees were less dense on the 
west side, when compared with the east side (Leitner and others 1991).  The majority of 
vegetation to the west was prairie and savanna, as compared to the east side which was 
dominated by forest (Leitner and others 1991).  “Areas west of the river, subject to more frequent 
fires, supported prairie and savanna.  Areas to the east supported more mesic forest” (Leitner and 
others 1991, p. 1). 
Sully’s Hill National Game Preserve, a wildlife refuge located in North Dakota, is home to a 
diverse plant community and shows evidence of water acting as a firebreak (McEnroe 2006).  
The preserve is largely covered in forests, which some attribute to its location.  It is bordered on 
the north, east, and west by Devil’s Lake and to the South by the Cheyenne River.  This 
surrounding water prevented the spread of prairie fires into the preserve, allowing forests within 
to grow to mature levels (McEnroe 2006).  Additionally, the dense tree cover did not allow for 
the development of prairie species because of the lack of sunlight closer to the ground (McEnroe 
2006).  
The User’s Guide to Natural Resource Efforts in the Red River Basin (Miller 2001) is a 
document prepared by the Red River Flood Damage Reduction Working Group to focus on flood 
reduction techniques and the efforts by people throughout the basin to address these issues.  The 
document also discusses the variety of natural habitats that are present in the area, and plant 
communities that can be found in the basin.  These habitats were shaped and renewed by prairie 
fires that swept through the area.  “Frequent fires protected the tall grass prairies from the 
advance of forests, except in the fire shadow of streams where broad zones of elm, ash, 
cottonwood, and box elder grew” (Miller 2001, p. 9). 
Michael Batek’s article, Reconstruction of early nineteenth-century vegetation and fire regimes 
in the Missouri Ozarks, describes the findings of their study to reconstruct early 19th century 
vegetation and fire regimes to determine the roles of fire, topography, and substrate in shaping 
the landscape and vegetation patterns within the Current River watershed of the Ozarks (Batek 
and others 1999).  To conduct the study, Public Land Survey GLO notes and fire histories were 
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analyzed.  “The most striking patterns in the early 1800’s were extensive stands of shortleaf pine 
and oak-dominated 'barrens' (savanna) in the frequently burned areas south-west of the Current 
River, and more mesophytic, fire-sensitive species (red oaks, maples, eastern red cedar) in a fire 
shadow north-east of the river” (Batek and others 1999, p. 1). 
Additional literature relating to fire ecology included a study within the Red Hills Region in 
Florida (Robertson 2005).  The article was a discussion of a land history project aimed at 
mapping historic forest communities.  The article discusses patterns that were present in the 
forest communities, several of which were presumably created in part by a fire shadow effect 
(Robertson 2005).  “This is presumably because fires moving with the prevailing west winds 
were blocked by the river, allowing more hardwoods, especially beech, magnolia, and oaks, to 
grow within a possible ‘fire shadow’.  This area corresponds to the band of hardwood forest 
drawn on regional surveyor maps at the time” (Robertson 2005, p. 2).  
In addition to the use of GLO vegetation data to analyze fire ecology (Anderson 1998, Leitner 
and others 1991) there are several other methods available to researchers, including the use of 
pollen data and tree ring studies.  In his study of fire ecology in the boundary waters of northern 
Minnesota, Heinselman (1973) cites the ability of researchers to create pollen diagrams 
describing the vegetational history of the area which can be used to determine fire frequency by 
counting the amount of charcoal fragments present in the sediment.   
Another method of studying fire using vegetation is to analyze tree rings present in surviving 
trees in the landscape.  By counting the tree rings present between fire scars, a fire history can be 
developed.  Fire scars occur on a tree when the temperature of the cambium is raised to a lethal 
lever, or when fire consumes the bark, cambium, and part of the xylem (McBride 1983). 
Statistical Measures, Measuring Statistical Significance 
In the analysis of tree species composition within Polk and Dallas Counties, the primary 
statistical method used to determine importance of species present was the Importance Value 
Index (IVI).  This measure is commonly used in ecological studies including species composition 
analysis (Dash 2001, p. 236).  The Importance Value Index is calculated by summing together 
values for the relative frequency, relative density, and relative dominance of each species within 
the study area (Dash 2001, p. 236).  Curtis also discusses the use of the Importance Value Index 
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in his book, The Vegetation of Wisconsin.  “In calculating this index, the percentage value of the 
relative frequency, relative density, and relative dominance are summed up together and this 
value is designated as the Importance Value Index or IVI of the species” (Curtis 1959, p. 74).  
The importance value index (IVI) provides an idea of the structure and its totality in the 
community, but does not identify its position with regard to other measures including frequency, 
density, and so on.  Relative dominance can be defined as the total basal area of a specific species 
divided by the total basal area of all species within the study area (Raich and others 1999, p.42).  
This measure is also discussed by Madhab Dash in his book, Fundamentals of Ecology.  Dash 
states, “The relative dominance of a species population is the coverage value of the species with 
respect to the total coverage value of all species in the area” (Dash 2001 p. 236).  Basal Area can 
be defined as the cross-sectional area of all trees of a given species combined (Palmer 2010).  
Relative density can be defined as the density of a given species divided by the total density of all 
species combined (Palmer 2010).  To determine density, the total number of records of a given 
species is divided by the total plot area (Raich and others 1999).  Relative frequency can be 
defined as the frequency of a given species, divided by the total frequency of all species present 
in the study area (Raich and others 1999).  To calculate frequency for a given species, the number 
of plots that contain the given species is divided by the total number of plots contained in the 
analysis (Raich and others 1999). 
To better understand the IVI in relation to these other measures; polygraphs are typically created 
by ecologists in order to “show the individual and combined aspects of the position of each 
species in the structure of the community (Dash 2001, p. 237).  Polygraphs (also known as 
phytographs) are created by drawing a circle and dividing it into four even parts, and creating 
four axes.  Three axes are scaled from 0-100, and the fourth from 0-300.  The three axes scaled 
from 0-100 indicate the value of the relative dominance, the relative density, and the relative 
frequency.  The axis scales from 0-300 indicates the importance value of the selected species 
(Dash 2001, p. 237). 
Iowa Forest Communities and Composition 
In her book, Prairies, Forests, and Wetlands: The restoration of Natural Landscape 
Communities in Iowa, Janette Thompson (1992) describes six forest communities that typically 
occurred across the state of Iowa prior to Euro-American settlement.  “Iowa’s major woodland 
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types have been described according to forest community composition, and several are named for 
the predominant overstory species present.  These communities recur predictably under certain 
soil moisture conditions and in specific physiographic positions” (Thompson 1992, p. 45).  These 
six communities include Oak-Hickory, Oak-Basswood, Bottomland Hardwoods, Riparian, 
Northern Conifer and Hardwood, and Oak-Cedar Glades (Thompson 1992, p. 45).  Oak-Hickory 
forests typically occur on dry upland sites and on south and west facing slopes. Common 
overstory trees include White Oak (Quercus alba), Red Oak (Quercus robur), Burr Oak (Quercus 
macrocarpa), and Shagbark Hickory (Carya ovata) (Thompson 1992, p. 46).  The Oak-
Basswood forests lie mostly on moist but well drained uplands, on north and east facing slopes, 
and on upper terraces in large stream valleys.  Typical species in this forest community include 
Red Oak (Quercus robur), Sugar Maple (Acer saccharum), Black Maple (Acer nigrum), and 
Linden (Tilia americana) (Thompson 1992, p. 48).  The Bottomland Hardwoods forest 
community is located primarily on floodplains and low lying areas within larger stream valleys in 
Iowa.  Common overstory species include Silver Maple (Acer saccharinum), Green Ash 
(Fraxinus pennsylvanica), Hackberry (Celtis occidentalis), Black Walnut (Juglans nigra), 
Cottonwood (Populus deltoides), American Elm (Ulmus americana), Sycamore (Platanus 
occidentalis), Kentucky Coffee tree (Gymnocladus dioica), Black Willow (Salix nigra), Bitternut 
Hickory (Carya cordiformis), and White Walnut (Juglans cinerea) (Thompson 1992, p. 50).  The 
Riparian Forest community is located in narrow strips along streams and lakeshores.  Tree 
species common to this forest community include Cottonwood (Populous deltoides), Silver 
Maple (Acer saccharinum), Box Alder (Acer negundo), River Birch (Betula nigra), Sandbar 
Willow (Salix exigua), Black Willow (Salix nigra), Peachleaf Willow (Salix anygdaloides), and 
some of the species present in the Bottomland Hardwoods forest community (Thompson 1992, 
p.51).  The Northern conifers and Hardwoods forest community occurred largely in northeastern 
Iowa, not part of this study area.  Similarly, the Oak-Cedar Glade community was primarily in 
the far eastern portion of the state and likewise not part of this study area (Thompson 1992, p. 52-
53).  Information on the six Iowa forest communities and associated landscape characteristics are 
summarized in Appendix V. 
Aikman and Smelser (1938) also provide information on forest composition in their article, 
Forest Communities in Central Iowa.  Aikman and Smelser analyze composition and conditions 
of a 30 acre forest stand in Story County, Iowa, now known as Pammel Woods.  The stand 
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consists of a stream valley with a lower floodplain/riparian area bordered by valley walls, and an 
upland.  The north facing slopes (38% slope) of the river valley largely consisted of a black 
maple-linden forest community (Aikman and Smelser 1938).  The west facing slopes (14% 
slope) were dominated by oaks and hickories (Aikman and Smelser 1938).  The southeast slope 
(15% slope) transitions from maple and linden at the base, to oak hickory on the majority of the 
slopes (Aikman and Smelser 1938, p. 142).  Aikman and Smelser also describe a dropping out of 
species as you proceed westward across Iowa and eastern Nebraska, including Sugar Maple 
(Acer saccharum), which is a dominant species along with Linden in eastern Iowa, but drops off 
and is replaced by Black Maple (Acer nigrum) in central Iowa (Aikman and Smelser 1938). 
Fire was an important element in maintaining oak savanna that existed in the Iowa landscape 
prior to European settlement (Curtis 1959).  Numerous sources exist that reference the 
conversion of these savanna lands to Oak forests following settlement (Crow 1988, Curtis 1959).  
The removal of natural fire that maintained these landscapes lead to an abundance of oak grubs 
which sprouted and became closed forests (Curtis 1959).   
The General Land Office (GLO Surveys) 
The primary data source for species composition in this research is GLO surveyor field notes that 
were penned as surveyors measured the Iowa landscape.  These surveys proved to be an 
important achievement, and were reasonably accurate based on the technology that was available 
at the time (Anderson 2003).  Hildegard Binder Johnson (1976), in her book Order Upon the 
Land states, "Urgency of performance was the order of the day.  Surprisingly enough, a high 
percentage of accuracy was maintained; in fact, in the upper Middle West, less than 5 percent of 
the surveys carried out before the contract system ended in 1910 were proved fraudulent, a 
remarkable achievement” (Johnson 1976, p. 221). 
The process of surveying the land of Iowa began in 1832, when the US government gained 
control of much of the land in central Iowa through the signing of a treaty with the Sac and Fox 
Indian tribes (Iowa Valley Resource Conservation & Development 2011).  With the land in 
federal government control, the land had to be surveyed before legal Euro-American settlement 
could occur.  The General Land Office surveyed a repeating one mile grid across the landscape, 
allowing for location of parcels as small as 40 acres (Iowa Valley Resource Conservation & 
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Development 2011).  While the surveys were considered accurate for the technology available at 
the time, there were limitations to the resulting data. 
In the book, Original Instructions Governing Public Land Surveys of Iowa, Dodds and others 
(1943) describe some of the limitations of the original GLO surveys of the state conducted 
between 1832 and 1859.  The primary concern of the government in the completion of these 
surveys was to quickly subdivide the land to make way for Euro-American settlement (Iowa 
Valley Resource Conservation & Development 2011).  Because of this, the accuracy of the 
surveys was relatively low (based on current standards). Dodds and others (1943, p. 1) describe 
seven reasons for the hasty completion of the surveys and the inaccuracies that resulted: 
1. The urgent need of the federal treasury for money 
2. Settling of people on unsurveyed land, and the unpleasant relationship between 
citizens and the government 
3. Because of rapid Euro-American settlement, surveys had to be pushed forward hastily 
4. Land prices were low ($1.25 per acre), which did not seem to warrant any delays 
incident to precision 
5. Settlements, frequently, occurred in isolated fragments which obviated any possibility 
of carrying on a continuous and progressive scheme of surveys 
6. Surveys were made only in territory belonging to the government.  Often, there were 
discontinuities between these lands and led to irregular shapes of boundaries 
7. The contract system in place during the time of the surveys tended to encourage 
deputy surveyors to use methods that would produce results that met only the 
minimum acceptable precision 
Variability and Bias in GLO Vegetation data 
The GLO vegetation data is one of few sources of data available that describes statewide historic 
vegetative cover in Iowa.  According to Liu and others (2011) in their analysis of the public land 
survey (PLS) in northern Wisconsin, studies have shown that variability and bias exist in the 
GLO vegetation data.  This variability includes both natural variability of the ecosystems present 
as well as individual bias of surveyors during the survey process (Liu and others 2011).  One 
source of this variability is the inconsistent and changing instructions provided to surveyors.  In 
Polk and Dallas Counties, Iowa, GLO data was collected between 1847 and 1851, while 
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instructions to surveyors changed several times during this period and were not standardized until 
after 1955 (Liu and others 2011).   
In addition to issues with standardized instructions, surveyors were instructed to choose the 
“most permanent and lasting trees” when selecting witness trees to mark (Stewart 1935).  This 
may have led to a bias in witness tree selection, as surveyors favored large trees with softer bark.  
Unlike section corner witness trees, surveyors were not required to provide size data for line 
trees, or trees encountered along township lines.  This may have reduced bias as small trees were 
just as easy to include in notes as larger trees.  Trees that were selected for witness trees did not 
necessarily reflect the composition of stands.  Often trees that were selected were those closest to 
corner posts and those easiest to locate (Mladenhoff and Schulte 2001).  Surveyors were paid 
based on the number of miles of lines completed, so closer and fewer trees would require less 
time and allow survey parties to cover greater areas. 
Unlike the bias that seemed to be shared by surveyors to mark trees located close to section 
corners, there are differences in tree species and size of selected trees among surveyors (Manies 
and others 2001).  Mladenhoff and Schulte (2001) point out that because tree species and size are 
not randomly distributed in nature, variability in records of species and size data may be due to 
variation in climate, soils, topography, disturbances, and competitive conditions as opposed to 
surveyor preference.    
Plant knowledge for each survey party varied.  Presumably, survey parties had some general 
knowledge of plants through previous work experience in agriculture or the military.  Surveying 
was conducted during various times of the year with some parties preferring to work during 
winter to easily navigate wetlands, which made plant identification more difficult. 
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Figure 1.  Polk and Dallas County Townships and survey parties 
Within Polk and Dallas Counties, Iowa, nine deputy surveyors were responsible for overseeing 
the surveying of township subdivisions.  Additional surveyors previously completed township 
line surveys, but their tree data were not included in this research, due to time limitations.  The 
areas surveyed by each of these survey parties are shown above in figure 1.  Each of these deputy 
surveyors had different backgrounds and experiences with plant identification, which could lead 
to variability in their recording of plant data.  Additionally, these survey parties each surveyed 
different numbers of townships, with Henderson surveying the largest portion of the study area 
(eight townships).  Surveying was also completed at different times of year, with some surveyors 
preferring the hard ground present in the winter when trees are lacking characteristics such as 
foliage or fruits, making identification more difficult. 
GLO Trees 
As GLO survey parties made their way across the landscape, landmarks were placed along their 
route that could then be relocated by Euro-American settlers moving into the area (Dodds and 
others 1943).  As the surveys were completed, range, section, and township corners were marked 
with corner posts.  To assist in relocating these posts in the event that they were removed, witness 
trees were marked and bearings and distances provided back to the original post location (Dodds 
and others 1943).  “You will ascertain and state in your field notes, the course and distance from 
the several section and township corner posts, trees and stones, to a tree in each section for which 
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they stand as a corner; each of said trees you will mark with a notch and blaze facing the post; the 
notch to be at the lower end of the blaze; and on the blaze, which must be neatly made, you will 
mark, with a marking iron, in a plain, distinct and permanent manner, the letter S., with the 
number of the section, and over it the letter T., with the number of the township, and above this, 
the letter R., with the number of the range” (Dodds and others 1943, p. 37).  Similar methods 
were used for quarter section corners where again surveyors would plant a post and mark witness 
trees.  Trees selected for marking were not necessarily those closest to the post location.  Instead, 
the surveyor usually chose those trees that were easiest to mark and trees in which the mark 
would “persist the longest” (Iowa Valley Resource Conservation & Development 2011).  
“Generally, middle-aged Oaks were the preferred trees to mark for surveyors in Iowa (Iowa 
Valley Resource Conservation & Development 2011).  For each bearing tree that was marked in 
the field, information including species type, diameter (DBH), distance, and bearing from the 
post were documented in the field notes.   
In the instance that a tree lay directly on a section line that was being measured, the tree was also 
marked and species and diameter information was recorded (Dodds and others 1943). “All trees 
which your lines (except random lines) strike, must be noted in your Field Book, and have two 
notches cut on each side thereof in the direction of the line; but no other spot or blaze, whatever, 
is to be made thereon” (Dodds and others 1943, p. 36). 
In addition to trees marked at section corners, quarter section corners, and trees directly on 
section lines, trees were also marked where a river or other navigable water body had to be 
crossed.  These meander trees, as they were called, were to be marked in every instance where 
they were readily available.  “Whenever your course may be obstructed by insuperable obstacles, 
such as ponds, swamps, marshes, lakes, rivers, creeks, etc., you will prolong the line across such 
obstacles by taking the necessary right angled offsets; or, if this is inconvenient, by a traverse or 
trigonometrical operation, until you regain the line on the opposite side; and in case a north and 
south, or a true east and west line is regained in advance of any obstacle, you will prolong and 
mark the line back to the obstacle so passed, and state all the particulars in relation thereto in 
your field notes; and at the intersection of lines, with both margins of impassable obstacles, you 
will establish a witness point by setting a post, and giving in your field notes the course and 
distance therefrom to two trees on opposite sides of the line, each of which trees you will mark 
with a  blaze and notch facing the post, except on the margins of navigable water courses or 
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navigable lakes; in this case you will mark the trees with the proper number of the fractional 
section, township, and range” (Dodds and others 1943, p. 38). 
Obstacles Faced by GLO Surveyors 
The primary tools used by surveyors in the course of their work included a Gunter’s chain for 
measuring distances, a transit for measuring straight lines, and a compass for measuring direction 
(Clock 2011).  The Gunter’s chain played a significant role in laying out land to be transferred 
from the hands of the government to private ownership.  A Gunter’s chain consists of 100 links 
with a total length of 66 feet.  Each of the 100 links was connected to the next by a small round 
ring.  As surveyors laid these chains out across the landscape, 88 chains would equal 1 mile.  
Measurements that were made with a Gunter’s chain were rarely exact, as the chains were hand 
made, and connections would frequently become clogged with debris, shortening the length of 
the chains (Clock 2011).  Surveyors attempted to maintain an accurate measure of distance by 
comparing the length of their chain with a secondary chain that was carried but not used 
(Anderson 2003).  These checks were to occur every other day at a minimum.  An additional 
reason for inaccuracy can be attributed to changes in climate.  According to notes in surveyor 
field books, chains were 28 links per mile shorter in the winter than in the summer (Volume 4, 
Book 21).   
Prior to the start of the GLO surveys in Iowa, a major innovation in compass technology was the 
solar compass developed by William Burt.  Burt developed the idea after working in an area of 
Wisconsin where large deposits of iron ore made the use of a standard magnetic compass 
difficult.  Burt patented his design, but upon that patent expiring in 1850, the General Land 
Office adopted the solar compass as the primary instrument for all major boundary lines in areas 
of magnetic disturbance (Burt 1878).  In his letter requesting a patent on the technology, Burt 
states, “I have made an improvement, being an instrument for determining the variation of the 
needle, the true meridian, and the apparent time, which is described as follows reference being 
had to the annexed drawing of the same making part of this specification” (Burt 1836). 
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3 METHODS 
This chapter begins by describing the Polk and Dallas Counties, Iowa, study area that was the 
focus of this analysis.  Second, this chapter describes the data that were used during the course of 
the analysis, including data from other sources and data developed specifically through this 
research.  Third, a discussion of the tools that were used in developing this research is presented.  
This chapter focuses primarily on the methods used in this research.  This includes parameters 
that were established prior to the start of the analysis and specific steps that were followed 
throughout the research. 
3.1 Study Area 
The study area for this research is Polk and Dallas Counties, Iowa.  These two counties are 
located in central Iowa and are located primarily on the Des Moines Lobe; the southern tier of 
townships in both counties extend into the southern Iowa drift plain (figure 2).  Geologic 
descriptions of the Des Moines Lobe characterize the landscape as variable, and lacking the 
uniformity of rolling hills, homogeneous sediments, or level plains of other regions in the state 
(Prior 1976).   The majority of the landscape is characterized by flat to slightly irregular land, 
with intermittent bands of rough terrain.  There are a few large rivers that drain the region and 
these are contained in deep valleys, seeming almost excessively large in size for the amount of 
water that they now contain (Prior 1976).  These deep valleys indicate that greater volumes of 
water were once carried by these rivers (Prior 1976).  Natural lakes, bogs, swales, and 
depressions are common features in this region.   
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Figure 2.  Landform regions of Iowa 
The southern townships of Polk and Dallas Counties are part of the Southern Iowa Drift Plain.  
This region is characterized by large flat areas of upland and lowland interspersed with steeply 
rolling hills (Prior 1976).   The majority of the land in this region is sloping, with smaller areas of 
flat land in the uplands, or along rivers and streams in the bottomlands (Prior 1976).   
There are three main rivers present within Polk and Dallas Counties: the South Skunk River, the 
Des Moines River, and the Raccoon River.  The South Skunk River begins in north central Iowa 
and flows through the northeast corner of Polk County, eventually flowing into the Mississippi 
River in southeastern Iowa.  The Des Moines River carves its way through the northeast corner of 
Dallas County, and splits Polk County in two, flowing from the northwest corner to the southeast 
corner.  The Raccoon River, a tributary of the Des Moines River begins as three separate 
branches, the North, Middle, and South Raccoon Rivers, which flow together in Dallas County.  
The North Raccoon is the longest branch, and runs the length of Dallas County, from the 
northwest corner to the southeast corner where it eventually runs into western Polk County and 
flows into the Des Moines River.  These rivers are shown in figure 3. 
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Figure 3.  Historic GLO and Current locations of rivers in Polk and Dallas Counties, Iowa 
The vegetative character of the landscape prior to Euro-American settlement was primarily 
prairie, which covered approximately 83% of the Polk and Dallas County study area, based on 
data from GLO vegetation maps.  Of the remaining 17% of the study area, 16% was covered with 
timber, which occurred in long bands primarily along river valleys.  The remaining 1% was made 
up of 11 other GLO vegetation classes scattered throughout the counties, including groves, 
ponds, marshes, wetlands, scattered trees, swamps, agricultural fields, sloughs, thickets, lakes, 
and cities (Anderson 1996).  Figure 4 shows the vegetation cover in Polk and Dallas Counties 
during the GLO surveys between 1847 and 1851. 
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Figure 4.  Vegetation composition in Polk and Dallas Counties, Iowa between 1847-1851 
 
3.2 Database 
This section of the chapter describes the geographic data used to complete this analysis.  This 
includes vector data layers, raster data themes, and data charts that were both created and joined 
with data layers to aid in the analysis in ArcGIS.  This does not include themes that were 
generated through the analysis process, but only themes that were existing prior to this study 
being undertaken.  The complete lists of these themes can be found at the end of this report in 
Appendix VII. 
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3.3 Tools 
Several software packages were used to complete this research.  The most extensively used was 
ArcMap.  ArcMap was used to perform all spatial modeling for this study including GLO timber 
analysis, GLO tree species composition analysis, and GLO tree species analysis.  Descriptive 
models of the study area were also created using ArcMap.   
Microsoft Excel also played a critical role in this research.  Upon completion of the analysis 
portion of the research, results were tabulated in Excel, and saved as sorted charts.  For species 
composition, Excel allowed results to be displayed in descending order of frequency. 
Python scripting was used to develop a script that automates the GLO tree species analysis 
portion of this research.  This Python script was developed as part of a project for the LA 456 
Python scripting class.  Additional research to incorporate Python scripting would improve the 
speed and accuracy of GIS modeling.   
The majority of the research was completed using a desktop PC.  On occasion, a laptop was used, 
but for performance reasons, mapping was usually done on a desktop. 
3.4 Methods 
Analysis of the fire shadow effect began in Polk County, and was then expanded into Dallas 
County.  For each county, an initial task was to develop the necessary data.  In addition to this 
data creation, additional research was undertaken to better understand the native Iowa landscape, 
the fire shadow effect, and additional statistical measures that could be used to further our 
analysis.  Figure 5 shows the general work flow followed during the study which began in Polk 
County and was then extended into Dallas County. 
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Figure 5.  Project workflow diagram 
Literature was gathered in the form of books, journals, and online publications. Relevant 
information was extracted from these sources and used to guide the research.  Sources that were 
used provided information on the following topics: 
1. Fire shadow effect 
2. Forest communities in Iowa 
3. GLO surveys 
4. Use of relative dominance and importance value in ecological studies 
5. Historic Iowa landscape 
6. Tree species information including growing conditions and fire tolerance 
After reviewing literature, assumptions and parameters were refined based on the information 
acquired.  Parameters established post literature review provided limits and a framework to guide 
research and determine data needs.  Parameters were held constant in the analysis of both Polk 
and Dallas Counties.  These parameters included the following: 
1. Include only the GLO timber vegetation class in the analysis 
2. Calculate distance and direction to GLO rivers based on the location of rivers 
according to 1847-1851 township plat maps 
3. Study timber within 1600 meter buffer of GLO rivers (approximately 1 mile) 
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4. Study distance and direction in two classes: north/east (protected) and south/west 
(exposed) of GLO rivers 
The first parameter was that only the GLO timber vegetation class would be analyzed. The 
locations of timber within Polk and Dallas Counties are shown in figure 6.  The GLO vegetation 
maps of Iowa include 38 total vegetation classes (Anderson 1996).  Polk and Dallas Counties 
encompass 13 of these vegetation classes including: city, field, grove, lake, marsh, pond, prairie, 
scattered, slough, swamp, thicket, timber, and wetland.   Several of these vegetation classes 
contain trees including grove, thicket, and scattering trees.  These classes tend to be more evenly 
distributed throughout the entire counties as compared to timber, which is largely contiguous and 
located closer to rivers and streams. 
 
Figure 6.  GLO timber vegetation class within Polk and Dallas Counties 
The second parameter was to measure distance and direction of the timber from double line GLO 
rivers as shown on the GLO township plat maps made between 1847 and 1851. Double line 
rivers are the major rivers which were indicated by surveyors using double lines to indicate 
width.  These river locations drawn by the surveyors are shown in figure 7.  Because rivers 
locations shift in the landscape over time (Leopold 1972), analysis of timber and species 
composition needed to relate to the locations of rivers from the same time period.   
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Figure 7.  GLO rivers within Polk and Dallas Counties 
The third parameter was to study timber within 1,600 meters of GLO Rivers.  This 1,600-meter 
buffer is approximately one mile on each side of the rivers, and contains the majority of timber 
present within Polk and Dallas Counties (70.4%).  By studying vegetation within this buffer only, 
analysis is concentrated close to river valleys where evidence of a fire shadow is most prominent.  
The 1,600 meter buffers are shown in figure 8. 
 
Figure 8.  1600-meter buffer study area within Polk and Dallas Counties 
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The fourth parameter was that distance and direction were measured in two classes: south and 
west (exposed), or north and east (protected) of the nearest GLO river.  These classes were 
determined based on previous studies that point to prairie and savannah being the dominant 
vegetation type on the west side of rivers, and forest being more dominant on the east sides of 
these waterways (Leitner and others 1991, Anderson 1998).  Additionally, wind information from 
the Des Moines airport gathered between 1973 and 2009 indicated strong winds from the south. 
The “Euclidean Direction” function was used in ArcGIS to map these areas. This information led 
to the decision to aggregate north and east sides versus south and west sides of GLO Rivers, 
which ultimately guided the working definition and delineation of “protected” and “exposed.”   
The parameters above provided an initial template to determine mean distance and direction to 
timber within the study area.  The first step in completing this analysis was to create a 1,600 
meter (approximately one mile) buffer around GLO rivers using the single buffer function in 
ArcGIS. GLO rivers were digitized in ArcGIS by two research assistants by importing hand 
drawn maps from GLO surveyor field books into ArcMap using georeferencing functions to 
place them in the correct geographic locations. The GLO timber vegetation class was then 
selected from within the GLO vegetation layer using the “select by attributes” function.  Third, 
the GLO timber vegetation layer was clipped to the 1,600 meter buffer using the “clip” function.  
Fourth, the clipped timber layer was converted from a polygon shapefile to a raster theme to 
allow for use of the necessary functions to complete the analysis.  Fifth, the Euclidian direction 
and Euclidian distance tools were then used to create new layers showing both distance and 
direction from GLO rivers to timber.  The final step was to use zonal statistics to summarize the 
area, percent, and mean distances from timber to GLO rivers in both protected and exposed 
zones.  The workflow followed to complete this analysis is shown in figure 9. 
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Figure 9.  Workflow diagram for timber analysis 
To analyze tree composition, data were entered by two research assistants into a spreadsheet in 
Excel.  Trees were organized into four groups: line trees, meander trees, quarter-corner witness 
trees, and section-corner witness trees.  Line trees are those that were encountered by surveyors 
on the section line as they measured distance along the section lines (Dodds and others 1943, p. 
36).  Data recorded for line trees included common name, distance in chains and links from 
section corner, and size (DBH, in inches).  Meander trees are witness or bearing trees for posts 
installed on the banks of potentially navigable rivers in order to locate the edges of these features 
(Dodds and others 1943, p. 38).  Data recorded for witness/bearing trees included common name, 
distance and bearing to meander post, and size (DBH, in inches).  Quarter corner witness trees 
are those trees that document the location of the quarter corners along the section lines (Dodds 
and others 1943, p. 37).  Data recorded for quarter corner trees included common name, distance 
and bearing from quarter corners, and size (DBH, in inches).  The last group included section 
corner witness trees, which are those that document the location of the section corners (Dodds 
and others 1943, p. 37).  Data included in the spreadsheet for section corner witness trees 
included common name, distance and bearing to section corner, and size (DBH, in inches).  For 
meander posts, quarter corner posts, and section corner posts, four bearing trees were to be 
recorded according to surveyor general instructions.  Where four witness trees were not available, 
fewer were marked.  In cases where no witness trees were available, such as large expanses of 
prairie, surveyors were instructed to indicate this in their field books by including a note to that 
effect (Dodds and others 1943, p. 37).  In such cases, surveyors dug a pit and installed a post 
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which was marked with township, range, and section information, as well as notches indicating 
each of the four primary directions (Dodds and others 1943, p. 31) 
After entering tree data into the Excel spreadsheet, several custom utility programs were created 
by Paul Anderson to convert these data into a point theme in ArcGIS.  The resulting data were 
then analyzed in relation to the location of GLO rivers and edaphic factors, including soil 
drainage class, soil texture class, slope steepness, slope aspect, and GLO vegetation type.  Figure 
10 shows the workflow that was followed to create the surveyor tree point theme. 
 
Figure 10.  Workflow diagram for creation of GLO surveyor tree point theme 
The process of converting the data from an excel spreadsheet to a point theme in GIS is also 
summarized below.  The resulting point theme is shown in figure 11. 
1.  In Excel 
a. Delete blank lines separating townships in spreadsheet 
b. Save XLS spreadsheet as CSV format file (File > Save as) 
2.  In custom software (Microsoft Visual Basic) 
a.  Check each data record to ensure only one tree per record (TreeDuplicates.BAS) 
3.  In ArcMap 
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a. Convert PLSS polygon theme to a line theme (Feature to Line) 
b. Convert PLSS line theme to point theme (Feature Vertices to Points) 
c. Add XY coordinates to each point (Add XY Coordinates) 
d. Export XY coordinate attributes of points to CSV format in TXT file 
4.  In custom software (Microsoft Visual Basic) 
a.  Compute XY coordinates for centroid of each PLSS section (TRS_NSEW.BAS) 
b. Compute XY coordinates for each point (tree) based on distance and direction 
from previous section corner (Line Corner Meander Tree. BAS) 
c. Save point (tree) data with XY coordinates in CSV format in TXT file 
5.  In ArcMap 
a.  Import point (tree) data as a new event theme (Display XY Data) 
b. Save event theme as a new SHP point theme (Data > Export Data) 
 
Figure 11.  Line, meander, bearing, and witness trees within Polk and Dallas Counties 
To analyze tree species composition and the relationship with edaphic factors, several spatial 
analysis methods were used.  The select by location method was used to select tree points based 
on their locations in areas of different soil texture classes, soil moisture classes, and GLO 
vegetation classes.  The second method used was “extract values to points”.  Because the digital 
elevation model (DEM) being used for slope information was a raster theme, the select by 
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location function could not be used.  Extract values to points creates a new field in the GLO tree 
point theme attribute table that is assigned a value based on each point’s location in relation to 
different features on the raster (ESRI 2011).  In this case, values are assigned based on the 
steepness and slope aspect at the location of each point.  The resulting data are then compiled in a 
list and sorted by frequency using Excel.  The steps for this portion of the analysis are shown in 
figure 12. 
 
Figure 12.  Work flow diagram for surveyor tree point theme analysis 
 
To summarize species composition in the protected and exposed zones, importance values for 
each species were calculated.  Traditional methods of calculating importance values use three 
measures: relative frequency, relative density, and relative dominance, which are calculated and 
totaled in order to determine an overall Importance Value Index (IVI) for each tree species 
(Raich and others 1999, p. 42).  The calculations for each of these measures are as follows: 
frequency (x) 
 = number of plots containing x 
                      total number of plots 
relative frequency(x) 
 =      frequency of species x         . 
                    total frequency of all species 
density (x) 
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 = number of individuals of species x 
                sum of plot areas 
relative density (x) 
 =      density of species x       . 
     total density of all species 
dominance (x) 
 = basal area of species x 
        sum of plot areas 
relative dominance (x) 
 =      dominance of species x      . 
    total dominance of all species  
importance value (x)  
 = relative frequency (x) + relative density (x) + relative dominance (x) 
The maximum importance value index is 300 (Raich and others 1999, p. 42).  For the purposes of 
this research, a modified method of calculating importance value was used.  This method 
calculates a relative density and relative dominance for species within the plot being analyzed, 
summing the values together for an overall importance value based out of 200.  This method is 
employed by Bolliger and others (2004) in their assessment of ecological restoration potentials in 
Wisconsin.  This method simplifies the importance value calculation by removing relative 
frequency, which is similar to relative density. After importance values were calculated for each 
species in both the protected and exposed zones, results were tabulated in Microsoft Excel, and 
sorted in order of descending frequency. 
The last analysis that was completed as part of this research was to determine a likely genus or 
species for trees listed by GLO surveyors only by genus or species.  Specifically, analysis was 
performed for 37 trees identified only as Maple, two trees identified only as Black, and 35 trees 
identified only as Ash.  To determine the likely species, a visual analysis was performed at the 
location of each GLO tree point.  Variables analyzed at each point included GLO tree type, 
nearest neighbor tree species, nearest neighbor tree type, distance to nearest neighbor, soil texture 
class, soil drainage class, slope aspect, distance to GLO rivers, slope percent, GLO vegetation 
type, and landscape position.  Based on this information, the most likely species was 
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hypothesized from those that were native to the Iowa landscape prior to Euro-American 
settlement.  Figure 13 shows the process that was followed for this analysis. 
 
Figure 13.  Work flow diagram for GLO tree species analysis 
A python script was developed to aid in the analysis of GLO tree points lacking genus or species 
identifiers.  This script analyzes each point that is lacking this information, and creates a series of 
maps describing edaphic factors at these locations.  These maps can then be visually assessed to 
make a determination of the likely genus or species of each GLO tree point.  The script also 
populates the data table for the GLO tree point theme with information on each edaphic factor.  
This portion of the script utilizes the “extract values to points” function to determine conditions 
at the location of each point.  This information can then be exported to a table for easier analysis.  
The code required for this script can be found at the end of this report in Appendix IX. 
 
  
 
 
 
33 
4  RESULTS AND DISCUSSION 
The objectives of this research were to examine evidence of a fire shadow effect within the Polk 
and Dallas Counties study area, to analyze species composition and determine relationships 
between tree species and edaphic factors in the landscape, and determine importance values for 
tree species present within the study area.  To guide this research, the following spatial questions 
were developed: 
1.   Are areas of GLO timber disproportionally located on east and north (protected) sides 
of GLO Rivers? 
2.  Are areas of GLO timber located on east and north (protected) sides of rivers further 
away from rivers than timber on south and west (exposed) sides? 
3.  Is the tree species composition on the protected side of GLO rivers different than the 
tree species composition on the exposed side? 
4.  What are the most important tree species in the protected and exposed zones based on 
the calculated importance value index? 
5.  What are the spatial relationships between GLO tree species composition and edaphic 
factors, including soil texture class, soil drainage class, DEM slope class, DEM slope 
aspect, and GLO vegetation type? 
6.  What are likely species for trees identified only as Maple, Black, or Ash (trees lacking 
genus or species identifiers)? 
This chapter discusses the results of the analysis performed for each of the six spatial questions.  
Each analysis is contained in its own section, with the edaphic factor analysis section divided 
further into subsections for each factor that was analyzed.  Results are provided in the form of a 
summary table, followed by a brief discussion of the results for each spatial analysis that was 
performed. 
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4.1 GLO Timber Distribution 
The first spatial question was “are areas of GLO timber disproportionally located on east and 
north (protected) sides of rivers?”  Figure 14 shows areas of timber within the protected and 
exposed zones.   
 
Figure 14.  Mean direction of timber from GLO Rivers within 1600 m buffers 
Visually, the distribution of timber appeared relatively even between the protected and exposed 
zones in both Polk and Dallas Counties, and it was not immediately clear whether the protected 
or exposed side of GLO Rivers contained more timber.  The Euclidian Direction function and 
Zonal Statistics functions were used to help answer this question.  The results of this analysis are 
shown in Table 1. 
Table 1.  Direction from GLO Rivers to GLO timber within 1600 m buffers 
Area Timber area (square kilometers) % of Total 
Protected Zone 
(north and east) 
1,637,327 50.06 
Exposed Zone 
(south and west) 
1,633,670 49.94 
All Timber 3,270,997 100.00 
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The working hypothesis for this study is that timber was present in greater quantities and 
occurred at greater distances on average in the protected zones to the north and east sides of GLO 
Rivers.  Results show that within Dallas County, timber occurred more frequently on the south 
and west (exposed) sides of GLO rivers than on the north and east (protected) sides.  This finding 
does not support the hypothesis, as we would expect the opposite to be true if there were 
evidence of a fire shadow effect.  Within Polk County, the abundance of timber was greater on 
the north and east (protected) sides of GLO rivers than on the south and west (exposed) sides.  In 
this case, the data for Polk County support the hypothesis.  When the timber in Polk and Dallas 
Counties were combined into one overall study area, results showed a larger concentration of 
timber to the north and east sides of rivers, which, in theory, supports the hypothesis.  However, 
the difference between the protected and exposed zones is so small, there is not enough evidence 
to make a clear determination that the difference in timber concentration between the two zones 
is statistically significant.  Future expansion of this study will provide additional evidence 
relating to a fire shadow effect. 
4.2  GLO Timber Distance 
The second spatial question is, “are areas of GLO timber located on east and north (protected) 
sides of rivers further away from rivers than timber on the south and west (exposed) sides?”  
Figure 15 shows timber within the 1600 meter study areas after the Euclidian Distance function 
was used.     
 
 
 
36 
 
Figure 15.  Mean distance to GLO Rivers within Polk and Dallas Counties 
After using the zonal statistics function, results show that within Polk County, the mean distance 
from timber to GLO rivers was greater on the south and west (exposed) sides of GLO rivers 
compared to the north and east (protected) sides.  These results do not support the hypothesis that 
timber occurred farther away from GLO rivers on average in protected zones to the north and 
east  In Dallas County, results showed a larger mean distance to timber on the north and east 
sides of GLO rivers.  When the timber in Polk and Dallas Counties was combined, the results 
again showed a larger mean distance to timber on the south and west or exposed sides of GLO 
rivers, which does not support the hypothesis.  Table 2 summarizes these results. 
Table 2.  Mean distance to GLO rivers within 1600 meter buffer 
Area Mean Distance (meters) 
Protected Zone 
(north and east) 
528.80 
Exposed Zone 
(south and west) 
557.06 
All Timber 555.55 
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4.3  GLO Species Composition In Protected and Exposed Zones 
The third spatial question, “Is the composition of species on the protected side different than the 
species composition on the exposed side?” required a list of the most frequently occurring species 
on both the protected and exposed sides of GLO rivers.  Table 3 summarizes the number of GLO 
tree records present in both the exposed and protected zones. 
Table 3.  Summary of trees in protected and exposed zones 
Zone Tree Frequency % Composition % of Buffer Area 
Exposed Zone 519 56.91 49.94 
Protected Zone 393 43.09 50.06 
Total 912 100 100 
 
Approximately 57 percent of the trees recorded by GLO surveyors within the 1600 meter buffer 
study area were present in the exposed zone to the south and west sides of GLO rivers.  The 
remaining 43 percent occurred in the protected zone to the north and east of GLO rivers.  Both 
the exposed and protected zones make up approximately 50% of the buffer, indicating a 
disproportionally high frequency of trees present in the exposed zone.  Table 4 provides a list of 
the frequency of each species present in the exposed zone in descending order. 
Table 4.  Species composition in exposed zones 
Species Frequency % Composition 
Burr Oak 76 14.64 
Cottonwood 75 14.45 
White Oak 71 13.68 
Elm 69 13.29 
Black Oak 38 7.32 
Willow 33 6.36 
Hackberry 23 4.43 
Linden 22 4.24 
Hickory 16 3.08 
Maple 16 3.08 
Ash 15 2.89 
Black Walnut 15 2.89 
Red Oak 14 2.7 
Sugar 8 1.54 
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Table 4.  (Continued) 
Species Frequency % Composition 
White Walnut 6 1.16 
Box Alder 4 0.77 
Cherry 3 0.58 
Buckeye 2 0.39 
Haw 2 0.39 
Red Elm 2 0.39 
Sycamore 2 0.39 
White Thorn 2 0.39 
Coffeenut 1 0.19 
Hornbeam 1 0.19 
Red Haw 1 0.19 
Walnut 1 0.19 
White Ash 1 0.19 
Total 519 100 
 
Within the exposed zones to the south and west sides of GLO rivers, the most frequently 
occurring species was Burr Oak (Quercus macrocarpa).  White Oak (Quercus alba) and Black 
Oak (Quercus nigra) were the third and fifth most occurring species in this zone respectively.  
Oaks are commonly described as a fire resistant species, as biological adaptations have allowed 
them to withstand the effects of fire (Crow 1988, p. 26).  Particularly, Burr oaks, develop thicker 
bark than most hardwood species, which allows them to resist injury from fire, even on drier sites 
where fire occurrence is generally the highest (Lorimer 1985).  Cottonwood (Populus deltoides) 
and Elm (Ulmus Americana) are also present in large frequency in the exposed zone.  These 
species occur largely along waterways, in river valleys, and on floodplains where moist soil and a 
lower landscape profile may have provided protection from the effects of wildfire (Crow 1988). 
Table 5.  Species composition in protected zones 
Species Frequency % Composition 
White Oak 80 20.36 
Elm 72 18.32 
Burr Oak 54 13.74 
Black Oak 33 8.4 
Cottonwood 22 5.6 
Ash 20 5.09 
 
 
 
39 
Table 5.  (Continued) 
Species Frequency % Composition 
Hackberry 17 4.33 
Hickory 15 3.82 
Red Oak 13 3.31 
Linden 12 3.05 
Willow 12 3.05 
Maple 11 2.8 
Black Walnut 10 2.54 
White Walnut 4 1.02 
Buckeye 3 0.76 
Sycamore 3 0.76 
Blue Ash 2 0.51 
Cherry 2 0.51 
Haw 2 0.51 
Sugar 2 0.51 
Black 1 0.25 
Cedar 1 0.25 
Red Elm 1 0.25 
Walnut 1 0.25 
Total 393 100 
 
Table 5 provides a list of the most frequently occurring species in the protected zones to the north 
and east sides of GLO rivers.  The five most commonly occurring species within the protected 
zone show strong similarities with those in the exposed zone.  Within the protected zone, the 
most commonly occurring species was White Oak (Quercus alba).  Burr Oak (Quercus 
macrocarpa) and Black Oak (Quercus nigra) were the third and fourth most frequent species.  
The prominence of oaks on these lists is expected for two reasons; first, surveyors tended to favor 
oaks over other genus as the bark was easier to blaze, and second, oaks were the dominant genus 
in the Iowa landscape prior to settlement (Iowa Valley Resource Conservation & Development 
2011). 
4.4  GLO Tree Species Importance Values 
The fourth spatial question was “What are the most important tree species in the protected and 
exposed zones based on the calculated importance value index (IVI)?” The analysis of this 
 
 
 
40 
question provided a list of the most important species within each zone by analyzing the relative 
density and relative dominance of each species within each zone.  These results were then 
compared to look for differences in species composition in each zone.  Importance values for 
trees present in the exposed zone can be seen in table 6. 
Table 6.  Relative density, relative dominance, and Importance values of trees in the exposed zones 
Species Relative Density Relative Dominance Importance Value 
Burr Oak 14.64 19.24 16.94 
White Oak 13.68 18.27 15.98 
Elm 13.29 15.48 14.39 
Cottonwood 14.45 13.91 14.18 
Black Oak 7.32 5.20 6.26 
Linden 4.24 5.11 4.68 
Willow 6.36 1.84 4.10 
Black Walnut 2.89 5.16 4.03 
Hackberry 4.43 2.95 3.69 
Red Oak 2.70 3.22 2.96 
Hickory 3.08 2.05 2.57 
Maple 3.08 1.77 2.43 
Ash 2.89 1.17 2.03 
Sugar 1.54 1.98 1.76 
White Walnut 1.16 0.47 0.82 
Box Alder 0.77 0.31 0.54 
Coffeenut 0.19 0.57 0.38 
Red Elm 0.39 0.35 0.37 
Cherry 0.58 0.11 0.35 
White Thorn 0.39 0.10 0.25 
Buckeye 0.39 0.08 0.24 
Haw 0.39 0.07 0.23 
Walnut 0.19 0.25 0.22 
Sycamore 0.39 0.04 0.22 
Hornbeam 0.19 0.10 0.15 
Red Haw 0.19 0.10 0.15 
White Ash 0.19 0.10 0.15 
Black 0.00 0.00 0.00 
Blue Ash 0.00 0.00 0.00 
Cedar 0.00 0.00 0.00 
Total 100.00 100.00 100.00 
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Within the exposed zone, the trees with the highest Importance Value Index (IVI) score were 
Burr Oak, White Oak, Elm, and Cottonwood.  Within this exposed zone, it was hypothesized that 
fire played an important role in the species composition present.  Because of this presence of fire, 
Burr Oak would be present in higher quantities than other less fire tolerant species.  Burr Oaks 
thick corky bark, especially on larger more mature trees, allows this species to withstand fires 
that may keep other species from establishing populations of mature stands (Crow 1988).  For 
these reasons, we would expect Burr Oak to have higher values for both density and dominance, 
as species are both more frequent and larger in size.  White Oak is also moderately tolerant of 
fire, having a thinner bark than the Burr Oak.  Lorimer (1985) lists the most common oak species 
in order of decreasing bark thickness and decreasing fire tolerance as: Burr Oak > Black Oak > 
White Oak > Northern Red Oak. Similarly, Crow (1988) states that “the difference between Red 
Oak and other Oaks is apparently why Burr Oak and White Oak were able to maintain 
themselves as overstory trees in Oak savannas, while frequent fires reduced Red Oak to shrub-
like clumps of ‘Oak grubs’ in the understory” (Crow 1988, p. 26).  Elm and Cottonwood were 
also both important species in exposed zones based on calculated importance values.  These 
species largely grow along rivers and streams in riparian corridors where soil is more moist and 
fire occurrence is reduced.  While firebreaks were the primary factor in controlling vegetation 
patterns, edaphic factors also influenced vegetation patterns in areas where fire occurred (Crow 
1988). 
Table 7.  Relative density, relative dominance, and Importance values of trees in protected zones 
Species Relative Density Relative Dominance Importance Value 
White Oak 20.36 28.92 24.64 
Elm 18.32 16.9 17.61 
Burr Oak 13.74 14.81 14.28 
Black Oak 8.4 6.82 7.61 
Cottonwood 5.6 5.58 5.59 
Hackberry 4.33 3.91 4.12 
Ash 5.09 2.09 3.59 
Linden 3.05 4.03 3.54 
Red Oak 3.31 3.49 3.4 
Black Walnut 2.54 3.91 3.23 
Hickory 3.82 1.92 2.87 
Maple 2.8 2.27 2.54 
Willow 3.05 0.7 1.88 
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Table7.  (Continued) 
Species Relative Density Relative Dominance Importance Value 
White Walnut 1.02 1.2 1.11 
Sycamore 0.76 1.34 1.05 
Buckeye 0.76 0.47 0.62 
Cherry 0.51 0.56 0.54 
Blue Ash 0.51 0.23 0.37 
Sugar 0.51 0.19 0.35 
Haw 0.51 0.14 0.33 
Black 0.25 0.16 0.21 
Red Elm 0.25 0.16 0.21 
Walnut 0.25 0.12 0.19 
Cedar 0.25 0.07 0.17 
Total 100 100 100 
 
Importance values for trees present in the protected zone can be seen in table 7.  Within the 
protected zone to the north and east of rivers, the most frequently occurring species included 
White Oak, Elm, Burr Oak, Black Oak, and Cottonwood.  According to Crow (1988), “Northern 
Red Oak and White Oak were common in areas somewhat better protected from fire by physical 
fire breaks or a zone of fire tolerant oaks or aspens” (Crow 1988, p. 25).  Thus, White Oaks 
position at the top of the importance value list makes sense, and the increase in importance of 
Red Oaks from exposed zone to protected zone, though slight, also makes sense.  Elm, the 
second most important species in the protected zone, also tends to occur in areas better protected 
from fire (Crow 1988).  Both Burr Oak and Black Oak tolerate fire, but also grow in the uplands 
of the protected zones. 
4.5  GLO Tree Species and Edaphic Factors 
The fifth spatial question, “What are the spatial relationships between GLO species composition 
and edaphic factors including soil texture class, soil drainage class, DEM slope class, GLO 
vegetation type, and slope aspect?” requires more detail about GLO tree species composition, 
and species locations in relation to edaphic landscape features within the Polk and Dallas County 
study area. 
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4.5.1  GLO Tree Species Composition by Soil Texture Class 
The first step in this analysis was to tabulate the frequency of each species in relation to each soil 
texture class.  Soils were divided into four classes based on texture: coarse soils, loam soils, fine 
soils, and soils with no texture data (water, urban, mining areas).  Table 8 summarizes these four 
soil texture classes and the aggregated texture information from the soils layer.  Table 9 
summarizes the results of the species composition analysis based on soil texture class. Data for 
results in areas lacking soil texture data can be found in Appendix III. 
Table 8.  Summary of aggregated soil texture classes used in analysis 
Aggregated Soil 
Texture Classes 
Original Soil Texture Classes 
Fine Clay loam, Muck, Mucky silty clay loam, Silty 
clay, Silty clay loam, Silt loam, Mucky silt loam 
Loam Loam 
Coarse Fine sandy loam, Loamy fine sand, Sandy loam 
No Texture Data - 
 
Table 9.  Summary of results of soil texture class analysis 
Texture Class Frequency % Composition % of Buffer Area 
Coarse 300 32.89 20.94 
Loam 292 32.02 38.04 
No Texture Data 270 29.61 17.27 
Fine 50 5.48 23.75 
Total 912 100 100 
 
The majority of GLO trees, 33 percent, were present in areas delineated as coarse soils, which is 
disproportionally high compared to the amount of buffer composed of coarse soils (21%).  A 
disproportionally low number of GLO tree records (32%) were present on loam soils, which 
covered 38% of the buffer.  Areas lacking soil data accounted for the third most GLO tree 
records (30%), which is higher than expected with 17% of the buffer lacking soil texture data.  
There was a much lower frequency of GLO trees in fine soils (5%), which covered 
approximately 24% of the 1600 meter buffer study area. 
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Table 10.  Species composition on fine soils 
Species Frequency % Composition 
Elm 14 28.00 
Cottonwood 9 18.00 
Maple 5 10.00 
Burr Oak 4 8.00 
Hackberry 4 8.00 
Linden 3 6.00 
Black Walnut 2 4.00 
Willow 2 4.00 
Ash 1 2.00 
Black Oak 1 2.00 
Buckeye 1 2.00 
Hickory 1 2.00 
Red Haw 1 2.00 
Walnut 1 2.00 
White Walnut 1 2.00 
Total 50 100.00 
 
Table 10 summarizes species composition in areas delineated as fine soils.  Within these areas of 
fine soils, the most commonly occurring species included Elm, Cottonwood, Maple, Burr Oak, 
and Hackberry.  Elms often occur on silty soils on the western edge of their range, which can 
include Iowa, but are often found on clay loams bordering streams (Burns and Honkala 1990).  
Cottonwoods are also found on fine clay soils, but typically grow best on silt loams close to 
streams (Burns and Honkala 1990).  Burr Oak is traditionally associated with coarse soils of 
limestone or sandstone origin in Iowa (Burns and Honkala 1990), so it’s presence in fine soils 
was an unexpected result.  Hackberry is largely a generalist in terms of soil texture, and able to 
grow in soils ranging from fine silts to coarse limestone soils (Burns and Honkala 1990).  
Overall, the results of this analysis tend to agree with existing literature on growing conditions 
with the exception of the Burr Oak. 
Table 11.  Species composition on loam soils 
Species Frequency % Composition 
White Oak 67 22.95 
Burr Oak 60 20.55 
Elm 40 13.7 
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Table 11.  (Continued) 
Species Frequency % Composition 
Black Oak 28 9.59 
Linden 19 6.51 
Red Oak 17 5.82 
Ash 11 3.77 
Hickory 11 3.77 
Sugar 6 2.05 
Cherry 5 1.71 
Cottonwood 5 1.71 
Black Walnut 4 1.37 
Hackberry 4 1.37 
Maple 3 1.03 
Willow 3 1.03 
Blue Ash 2 0.68 
White Walnut 2 0.68 
Black 1 0.34 
Haw 1 0.34 
Hornbeam 1 0.34 
Walnut 1 0.34 
White Thorn 1 0.34 
Total 292 100 
 
Table 11 summarizes species composition in areas delineated as loam soils.  Within the areas 
classified as loam soils, the most frequently occurring species included White Oak (Quercus 
alba), Burr Oak (Quercus macrocarpa), Elm (Ulmus americana), Black Oak (Quercus velutina), 
and Linden (Tilia americana).  Burr Oak can grow in many soil conditions, but in much of the 
Midwest, it is found on droughty sandy soils, black prairie loam, or loamy south and west facing 
slopes (Burns and Honkala 1990).  Black Oak tends to grow best on well drained, silty clay to 
loam soils (Burns and Honkala 1990).  Linden also favors sites where loam soils are present 
including sandy loams, loams, and silt loams (Burns and Honkala 1990).  These results tend to 
agree largely with existing literature. 
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Table 12.  Species composition on coarse soils 
Species Frequency % Composition 
White Oak 70 23.33 
Elm 46 15.33 
Burr Oak 42 14.00 
Cottonwood 28 9.33 
Black Oak 22 7.33 
Hackberry 16 5.33 
Black Walnut 13 4.33 
Hickory 13 4.33 
Ash 10 3.33 
Red Oak 8 2.67 
Linden 6 2.00 
Maple 5 1.67 
Sycamore 4 1.33 
Willow 4 1.33 
Red Elm 3 1.00 
White Walnut 3 1.00 
Buckeye 2 0.67 
Haw 2 0.67 
Sugar Tree 2 0.67 
Box Alder 1 0.33 
Total 300 100.00 
 
Table 12 summarizes the species composition of GLO tree records present on soils delineated as 
coarse soils.  On coarse soils, the most frequent trees recorded included White Oak (Quercus 
alba), Elm (Ulmus americana), Burr Oak (Quercus macrocarpa), Cottonwood (Populus 
deltoids), and Black Oak (Quercus velutina).  These findings are largely supported by 
information presented in the literature.  White Oaks grow on a wide range of soils and sites, 
including sandy plains (Burns and Honkala 1990). Cottonwoods can be found on soils of almost 
all textures including infertile sands and clays, but grow best on moist, well drained sand or silt 
loams (Burns and Honkala 1990).  Burr and White Oaks are especially known for their ability to 
handle coarse, well drained soils (Crow 1988, p. 25).  Elms tend to grow best in well drained 
loams, and growth is usually poor on droughty sandy soils (Burns and Honkala 1990).  Black 
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Oak grows best on well drained silt-clay to loam soils, which would indicate that growth in 
coarse soils would be uncharacteristic of the species (Burns and Honkala 1990).   
4.5.2  GLO Tree Species Composition by Soil Drainage Class 
Tree species composition was also analyzed for soil drainage classes.  Soil drainage data were 
divided into four classes: poorly-drained soils, well-drained soils, excessively-drained soils, and 
soils with no drainage class data.  Table 13 provides a summary of the four aggregated drainage 
classes, and the original drainage classes associated with the soils data layer.  Table 14 provides 
the results of the species composition analysis in the four drainage classes.  Results for soils with 
no drainage class data can be found in Appendix IV. 
 
Table 13.  Aggregated soil drainage classes 
Aggregated Soil 
Drainage Classes 
Original Soil Drainage Classes 
Excessively Excessive, Somewhat excessive, Somewhat 
excessive-well 
Well Well, Well-moderately well, Moderately well, 
Moderately well-somewhat poor 
Poorly Poor, Somewhat poor, Somewhat poor-poor, 
Very poor 
No Drainage Data - 
 
Table 14.  Summary of results of soil drainage class analysis 
Drainage Class Tree Frequency % Composition % of Buffer Area 
Well 402 44.08 46.00 
No Drainage Data 299 32.79 20.00 
Excessively 128 14.04 14.00 
Poorly 83 9.10 20.00 
Total 912 100.00 100.00 
 
Within the 1600 meter buffer study area, the majority of tree records were present on well 
drained soils.  Well drained soils made up 46% of the study area, but disproportionally accounted 
for only 44% of the total GLO trees in the study area.  Poorly-drained soils occupied 20% of the 
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study area but had the fewest recorded trees with only 83 (9% of total).  Areas within the study 
area where soil drainage data were not available made up 20 percent of the total area as well, and 
had 299 recorded trees.  The excessively drained soils occupied only 14% of the study area and 
proportionally, 128 trees (14%) were recorded within this soil drainage class. 
Table 15.  Species composition on excessively-drained soils 
Species Frequency % Composition 
Elm 26 20.31 
White Oak 26 20.31 
Burr Oak 21 16.41 
Cottonwood 11 8.59 
Hickory 11 8.59 
Hackberry 10 7.81 
Black Oak 6 4.69 
Red Oak 4 3.13 
Ash 2 1.56 
Black Walnut 2 1.56 
Maple 2 1.56 
Sycamore 2 1.56 
White Walnut 2 1.56 
Box Alder 1 0.78 
Linden 1 0.78 
Sugar 1 0.78 
Total 128 100.00 
 
Within the excessively-drained soil drainage class, the most frequently occurring tree was the 
Elm (Ulmus americana).  Elm is typically confined to river bottoms and terraces in Iowa, where 
soil moisture would be higher (Burns and Honkala 1990), which would not support the results of 
this analysis.  The second and third most frequent trees recorded were White Oak (Quercus alba) 
and Burr Oak (Quercus macrocarpa).  These records would agree with literature that suggests 
White and Burr Oak tend to grow well on well-drained sandy soils (Burns and Honkala 1990).  
Cottonwood, like Elms, typically grow on bottomlands along rivers and streams and were an 
unexpected result for this analysis.  Hickory, the fifth most frequent species on excessively 
drained soils also prefers dryer upland soils (Burns and Honkala 1990).  With the exception of 
Elm and Cottonwood, these results are largely supported by existing literature. 
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Table 165.  Species composition on well-drained soils 
Species Frequency % Composition 
White Oak 100 24.88 
Burr Oak 69 17.16 
Elm 52 12.94 
Black Oak 37 9.20 
Cottonwood 23 5.72 
Linden 21 5.22 
Ash 17 4.23 
Red Oak 15 3.73 
Hackberry 12 2.99 
Hickory 11 2.74 
Black Walnut 9 2.24 
Sugar 6 1.49 
Maple 5 1.24 
Willow 5 1.24 
Cherry 4 1.00 
Buckeye 3 0.75 
Red Elm 3 0.75 
White Walnut 3 0.75 
Haw 2 0.50 
Sycamore 2 0.50 
Black 1 0.25 
Hornbeam 1 0.25 
Walnut 1 0.25 
Total 402 100.00 
 
Within areas classified as well-drained soils, the most frequently occurring tree species was the 
White Oak (Quercus alba).  White Oaks can be found on many different soil moisture conditions, 
including dry sandy plans, gravelly ridges, rich uplands, and well drained loamy soils (Burns and 
Honkala 1990).  Burr Oak (Quercus macrocarpa) is another species that grows in many different 
soil conditions including well drained droughty sandy plains (Burns and Honkala 1990).  Elm 
(Ulmus Americana), the third most frequent species on well drained soils in this analysis agrees 
with literature that suggests American Elm grows best on rich, well-drained soils, and is greatly 
influenced by soil moisture content (Burns and Honkala 1990). 
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Table 17.  Species composition on poorly-drained soils 
Species Frequency % Composition 
Elm 17 20.48 
Burr Oak 15 18.07 
Black Walnut 7 8.43 
White Oak 6 7.23 
Red Oak 5 6.02 
Willow 5 6.02 
Black Oak 4 4.82 
Maple 4 4.82 
Cottonwood 3 3.61 
Hickory 3 3.61 
Linden 3 3.61 
Ash 2 2.41 
Blue Ash 2 2.41 
Hackberry 2 2.41 
Sugar 2 2.41 
Cherry 1 1.20 
Haw 1 1.20 
White Thorn 1 1.20 
Total 83 100.00 
 
Several of the results from this analysis are species that would be expected in areas of poorly-
drained soil. Though Elms prefer well-drained soils, they can grow on a great variety of soil 
types within the landscape (Burns and Honkala 1990).   Black Walnut’s high frequency was 
unexpected on poorly-drained soils as the species is sensitive to soil conditions and develops best 
on deep well drained sandy loam, loam, or silt loam soils (Burns and Honkala 1990).  Burr Oak 
grows largely on dry upland soils but can also grow well in moist soils along riparian corridors 
and on floodplains (Burns and Honkala 1990). 
4.5.3  GLO Tree Species Composition by DEM Slope Class 
Tree composition was also analyzed for slope steepness classes.  Slope class data were derived 
from DEM data for the study area.  The DEM provides slope steepness data for urban areas 
where soils data were missing.  Slope steepness was aggregated into three classes: 0-5%, 5-18%, 
and 18-63%.  Table 18 summarizes the results of the slope steepness analysis.  
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Table 18.  Summary of results of DEM slope steepness classes 
Slope Class Frequency % Composition % of Buffer Area 
0% - 5% 384 42.11 73.53 
5% - 18% 333 36.51 15.98 
18% - 63% 195 21.38 10.49 
Total 912 100 100 
 
The largest frequency of GLO trees fell within the 0%-5% slope class (384), which also covers 
the largest portion of the 1600 meter buffer study area (74%).  Because the study area is within 
the Des Moines lobe region, the majority of the landscape is characterized by flat to slightly 
irregular land, with intermittent bands of rough terrain (Prior 1976).  The second highest 
frequency of GLO trees was present within the 5%-18% slope class, which also made up the 
second largest portion of the buffer (16%). There are a few large rivers that run through Polk and 
Dallas Counties and these are contained in deep valleys, seeming almost excessively large in size 
for the amount of water that they now contain (Prior 1976).  Because our study focuses around 
these rivers, a large percentage of our results are present on these valley walls.  Areas with slopes 
of 18%-63% held the fewest number of GLO tree records and covered only 10% of the 1600 
meter buffer. 
Table 19.  Species composition on 0%-5% slopes 
Species Frequency % Composition 
Elm 79 20.57 
Cottonwood 69 17.97 
Burr Oak 37 9.64 
Willow 33 8.59 
Hackberry 31 8.07 
Ash 23 5.99 
Maple 18 4.69 
Black Walnut 16 4.17 
White Oak 12 3.13 
Black Oak 10 2.6 
Hickory 10 2.6 
Linden 10 2.6 
Red Oak 7 1.82 
White Walnut 4 1.04 
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Table 19.  (Continued) 
Species Frequency % Composition 
Box Alder 3 0.78 
Haw 3 0.78 
Sugar 3 0.78 
Blue Ash 2 0.52 
Buckeye 2 0.52 
Red Elm 2 0.52 
Sycamore 2 0.52 
White Thorn 2 0.52 
Cedar 1 0.26 
Coffeenut 1 0.26 
Hornbeam 1 0.26 
Walnut 1 0.26 
Cherry 1 0.26 
Red Haw 1 0.26 
Total 384 100 
 
Table 19 summarizes the species composition of GLO tree records in areas of 0%-5% slopes.  
Within these areas, Elm was the most frequently occurring species.  This result tends to agree 
with existing literature that suggests Elms typically grow on bottomlands and terraces along 
streams and rivers (Burns and Honkala 1990), where slope steepness is relatively low.  
Cottonwoods, like Elms, also tend to grow in these bottomlands adjacent to streams (Burns and 
Honkala 1990).  Burr Oak can grow in a number of landscape positions, but is often found in the 
upland on the border between forests and prairies, and is also found on bottomland sites within 
the Great Plains Region (Burns and Honkala 1990).  Hackberry is considered primarily a 
bottomland tree, growing best along river valleys, but can also grow on slopes and bluffs (Burns 
and Honkala 1990).  The results of this analysis agree with existing literature on the tree species 
present within areas of 0-5 percent slopes. 
Table 20.  Species composition on 5%-18% slopes 
Species Frequency % Composition 
White Oak 74 22.22 
Burr Oak 69 20.72 
Elm 44 13.21 
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Table 20.  (Continued) 
Species Frequency % Composition 
Black Oak 40 12.01 
Cottonwood 20 6.01 
Linden 12 3.6 
Hickory 12 3.6 
Willow 11 3.3 
Red Oak 9 2.7 
Maple 7 2.1 
Ash 7 2.1 
Black Walnut 7 2.1 
Hackberry 5 1.5 
Sugar 4 1.2 
Sycamore 3 0.9 
White Walnut 3 0.9 
Cherry 2 0.6 
Box Alder 1 0.3 
Buckeye 1 0.3 
Haw 1 0.3 
Walnut 1 0.3 
Total 333 100 
 
Within the 5%-18% slope range, the Oak genus holds three of the top four positions based on 
frequency.  According to Aikman & Smelser’s study of Pammel Woods in central Iowa, Oak and 
Hickory dominate the southern and eastern 10% slopes, as well as the western 14% slopes 
(Aikman and Smelser 1938).  Elm and Cottonwood, the third and fifth most frequent species 
respectively, are both largely riparian species growing on flatter bottomlands and terraces, which 
may fall within the lower bounds of this analysis interval, but seem more likely in areas with 
slopes of 0-5%.  There is some discrepancy between the results of this analysis and current 
literature on species in areas of moderate slope. 
Table 21.  Species composition on 18%-63% slopes 
Species Frequency % Composition 
White Oak 65 33.33 
Burr Oak 24 12.31 
Black Oak 21 10.77 
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Table 21.  (Continued) 
Species Frequency % Composition 
Elm 18 9.23 
Linden 12 6.15 
Red Oak 11 5.64 
Hickory 9 4.62 
Cottonwood 8 4.1 
Ash 5 2.56 
Hackberry 4 2.05 
Sugar 3 1.54 
White Walnut 3 1.54 
Black Walnut 2 1.03 
Buckeye 2 1.03 
Cherry 2 1.03 
Maple 2 1.03 
Black 1 0.51 
Red Elm 1 0.51 
White Ash 1 0.51 
Willow 1 0.51 
Total 195 100 
 
On steeper slopes of 18-63% within the study area, the top species by frequency was White Oak.  
White Oak can often be found growing on many slope aspects and many slope steepnesses 
(Burns and Honkala 1990).  The second and third most frequent tree species include Burr Oak 
and Black Oak.  Similar to White Oak, these trees also can be found on varying slopes and 
aspects (Burns and Honkala 1990), so these results tend to be supported by existing literature.  
Surveyors also favored the bark of oaks for marking over trees of other genus, which also helps 
to explain their position at the top of the list.  Elm was an unexpected result in this analysis as it 
favors flatter landscape positions adjacent to streams (Burns and Honkala 1990).  Linden, the 
fifth most frequent species in this analysis, dominated steeper 38% slopes in Pammel Woods in 
central Iowa according to Aikman and Smelser (1938). 
4.5.4  GLO Tree Species Composition by DEM Slope Aspect 
Tree composition was also analyzed for slope aspect classes.  Slope aspect data were derived 
from the DEM and aggregated into five classes: north-facing slopes, east-facing slopes, south-
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facing slopes, west-facing slopes, and flat land (land with no slope).  A summary of the results of 
this analysis based on these five categories is shown in table 22. 
Table 22.  Summary of results of DEM slope aspect analysis 
Slope Aspect Frequency % Composition % of Buffer Area 
East 220 20.94 25.34 
West 196 12.94 20.46 
South 191 21.49 24.78 
North 187 24.12 19.26 
Flat 118 20.50 10.14 
Total 912 100.00 100.00 
 
Within the Polk and Dallas County study area, east facing slopes made up 25% of the land area, 
and had the highest frequency of GLO trees recorded with 24.12% of the total.  South facing 
slopes also covered 25% of the study area and had 20.94% of the total GLO trees.  North and 
west facing slopes each covered 20% of the study area and had 20.50% and 21.49% of the total 
GLO trees respectively.  Areas with no slope (flat) covered 10% of the study area and contained 
the fewest number of GLO trees recorded (12.94%). 
Table 23.  Species composition on north-facing slopes 
Species Frequency % Composition 
Burr Oak 29 15.51 
Elm 29 15.51 
White Oak 22 11.76 
Cottonwood 21 11.23 
Black Oak 19 10.16 
Linden 12 6.42 
Hickory 10 5.35 
Red Oak 9 4.81 
Hackberry 8 4.28 
Black Walnut 7 3.74 
Ash 6 3.21 
Maple 4 2.14 
Sugar 4 2.14 
Willow 4 2.14 
White Walnut 3 1.60 
Total 187 100.00 
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Within areas of the study area designated by DEM data as north-facing slopes, the most 
frequently occurring species included Burr Oak, Elm, White Oak, Cottonwood, and Black Oak.  
White Oak would be expected to have a high frequency as it grows frequently on north and east 
facing slopes, but is found on all slope aspects in upland areas (Burns and Honkala 1990).  Black 
Oaks also grow frequently in areas of north and east slope aspects, but also on all slope aspects 
and slope positions (Burns and Honkala 1990).  Linden is also present on the list and tends to 
grow largely in areas with north and east facing slopes (Burns and Honkala 1990).  Cottonwood 
and Elm, which are both high on the list for north-facing slopes, grow primarily in largely flat 
riparian areas and on floodplains (Thompson 1992) where slope aspect influences growth less.   
Table 24.  Species composition on east facing slopes 
Species Frequency % Composition 
White Oak 46 20.91 
Burr Oak 33 15.00 
Elm 33 15.00 
Cottonwood 24 10.91 
Black Oak 23 10.45 
Hackberry 9 4.09 
Willow 9 4.09 
Black Walnut 6 2.73 
Maple 6 2.73 
Ash 5 2.27 
Hickory 5 2.27 
Linden 5 2.27 
Cherry 4 1.82 
Red Oak 3 1.36 
Box Alder 2 0.91 
Red Elm 2 0.91 
Red Haw 1 0.45 
Sugar 1 0.45 
Sycamore 1 0.45 
White Thorn 1 0.45 
White Walnut 1 0.45 
Total 220 100.00 
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In areas classified as having an east-facing slope aspect, species composition was very similar to 
the composition present on north-facing slopes.  Often, species that prefer north-facing slopes 
also do well on east-facing slopes.  The most common species present on east-facing slopes in 
this analysis were White Oak, Burr Oak, Elm, Cottonwood, and Black Oak.  Similar to the north-
facing slopes, we would expect to see White Oak and Black Oak high on this list.  Elm and 
Cottonwood were unexpected results because they occur primarily along riparian areas (Burns 
and Honkala 1990). 
Table 25.  Species composition on south-facing slopes 
Species Frequency % Composition 
Elm 35 18.32 
White Oak 32 16.75 
Burr Oak 25 13.09 
Black Oak 15 7.85 
Cottonwood 15 7.85 
Ash 10 5.24 
Hackberry 7 3.66 
Maple 7 3.66 
Hickory 6 3.14 
Linden 6 3.14 
Willow 6 3.14 
Black Walnut 5 2.62 
Buckeye 4 2.09 
Red Oak 4 2.09 
Sycamore 4 2.09 
Sugar 3 1.57 
White Walnut 3 1.57 
Haw 2 1.05 
Box Alder 1 0.52 
Walnut 1 0.52 
Total 191 100.00 
 
In areas with south facing aspects, the most frequent trees included Elm, White Oak, Burr Oak, 
Black Oak, and Cottonwood.  Elm was the most common tree species on south facing slopes, 
which was unexpected as Elm are typically found on bottomlands or terraces along stream banks 
(Burns and Honkala 1990).  White Oaks were the second most abundant species and are common 
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on south facing slopes, though often smaller in size compared to those on north and east facing 
slopes (Burns and Honkala 1990).  Burr Oak typically grows in a variety of landscape positions, 
but is more abundant on moister north facing slopes than on south facing slopes (Burns and 
Honkala 1990).  Black Oaks are able to grow on all slope aspects, but typically grow best on 
north and east facing aspects (Burns and Honkala 1990).  Cottonwood, like Elm, was an 
unexpected result as they typically grown on bottomlands adjacent to streams and rivers (Burns 
and Honkala 1990).  
Table 26.  Species composition on west-facing slopes 
Species Frequency % Composition 
White Oak 50 25.51 
Burr Oak 35 17.86 
Elm 21 10.71 
Cottonwood 17 8.67 
Black Oak 14 7.14 
Red Oak 10 5.10 
Hackberry 8 4.08 
Hickory 8 4.08 
Linden 8 4.08 
Willow 5 2.55 
Ash 4 2.04 
Black Walnut 3 1.53 
White Walnut 3 1.53 
Maple 2 1.02 
Black 1 0.51 
Buckeye 1 0.51 
Cherry 1 0.51 
Haw 1 0.51 
Red Elm 1 0.51 
Sugar 1 0.51 
White Ash 1 0.51 
White Thorn 1 0.51 
Total 196 100.00 
 
The most frequent species on west facing slopes were very similar to those present on south 
facing slopes.  Here again White Oak and Burr Oak have the highest frequencies.  These species 
both grow on all slope aspects, and were favored for marking by surveyors so their higher 
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frequencies make sense.  Elm and Cottonwood are the third and fourth most frequent species and 
similar to on south facing slopes, were an unexpected result, due to their primary growing habit 
being on flatter bottomlands and terraces (Burns and Honkala 1990).  Black Oak, like White and 
Burr, tend to grow on all slope aspects.  The Oak species with the highest frequencies in this 
analysis are supported by existing literature including Aikman and Smelsers study of Pammel 
Woods, where it was noted that west facing slopes in the study area were dominated by Oaks and 
Hickories (Aikman and Smelser 1938).   
Table 27.  Species composition in areas of little or no slope 
Species Frequency % Composition 
Elm 23 19.49 
Willow 21 17.80 
Cottonwood 20 16.95 
Ash 10 8.47 
Burr Oak 8 6.78 
Hackberry 8 6.78 
Maple 8 6.78 
Black Walnut 4 3.39 
Linden 3 2.54 
Blue Ash 2 1.69 
Hickory 2 1.69 
Box Alder 1 0.85 
Cedar 1 0.85 
Coffeenut 1 0.85 
Haw 1 0.85 
Hornbeam 1 0.85 
Red Oak 1 0.85 
Sugar 1 0.85 
Walnut 1 0.85 
White Oak 1 0.85 
Total 118 100.00 
 
In areas of little or no slope (flat), the most frequently occurring species include Elm, Willow, 
Cottonwood, Ash, and Burr Oak.  These five species are all members of the riparian or floodplain 
forest communities, which occur on the relatively flat slopes and bottomlands along streams and 
rivers (Thompson 1992).  Elm commonly occurs on flats and bottomlands through its range 
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(Burns and Honkala 1990).  Willow also tends to occupy very low areas of the landscape at or 
below water level (Burns and Honkala 1990).  Cottonwood specimens are frequently found in 
bottoms and on the lowest slopes bordering small water courses (Burns and Honkala 1990).  
Green Ash, in natural stands, are largely limited to bottom lands (Burns and Honkala 1990).  
While Burr Oak tend to grow best on south and west facing slopes, they do dominate floodplains, 
moist flats, and riparian corridors throughout much of their range (Burns and Honkala 1990). 
4.5.5  GLO Tree Species Composition by GLO Vegetation Class 
The fifth edaphic factor analysis uses GLO vegetation data to determine species composition 
within each vegetation class present in the study area.  There are 17 GLO vegetation classes 
present within Polk and Dallas Counties, which are shown in figure 16. 
 
Figure 16.  GLO vegetation classes within Polk and Dallas Counties 
Only two of the vegetation classes (timber, prairie) included GLO tree records for both Polk and 
Dallas Counties.  A summary of the results of this analysis are shown in table 28. 
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Table 28.  Summary of results of GLO vegetation analysis 
Vegetation Type Acres % of Buffer Area Tree Frequency % of Total Trees 
Timber 81558.50 44.33 782 85.75 
Prairie 99536.10 54.11 124 13.60 
City 323.90 0.18 2 0.22 
Field 2002.40 1.09 2 0.22 
Slough 168.80 0.09 2 0.22 
Grove 23.90 0.01 0 0.00 
Lake 36.70 0.02 0 0.00 
Marsh 280.80 0.15 0 0.00 
Pond 10.70 0.01 0 0.00 
Thicket 0.40 0.00 0 0.00 
Wetland 19.00 0.01 0 0.00 
Total 183961.20 100.00 912 100.00 
 
Within the 1600 meter buffer study area around GLO rivers, Prairie covered approximately 54 
percent of the land, but encompassed a disproportionally low number of GLO tree records with 
only 13.7%.  GLO timber covered approximately 44 % of the study area but accounted for a 
disproportionately high number of GLO trees with nearly 86.3%. 
Table 29.  Species composition in GLO timber 
Species Frequency % Composition 
White Oak 138 17.65 
Elm 109 13.94 
Burr Oak 104 13.30 
Cottonwood 82 10.49 
Black Oak 61 7.80 
Willow 40 5.12 
Hackberry 38 4.86 
Linden 33 4.22 
Ash 29 3.71 
Hickory 25 3.20 
Red Oak 24 3.07 
Black Walnut 23 2.94 
Maple 23 2.94 
Sugar 10 1.28 
White Walnut 10 1.28 
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Table 29.  (Continued) 
Species Frequency % Composition 
Buckeye 5 0.64 
Cherry 4 0.51 
Sycamore 4 0.51 
Box Alder 3 0.38 
Haw 3 0.38 
Red Elm 3 0.38 
Blue Ash 2 0.26 
Walnut 2 0.26 
White Thorn 2 0.26 
Black 1 0.13 
Cedar 1 0.13 
Coffeenut 1 0.13 
Hornbeam 1 0.13 
Red Haw 1 0.13 
Total 782 100.00 
 
Table 29 provides a complete list of species present within areas delineated by GLO surveyors as 
timber.  Within the areas delineated in the GLO surveys as timber, the most frequently occurring 
species were White Oak (Quercus alba), Elm (Ulmus americana), Burr Oak (Quercus 
macrocarpa), Cottonwood (Populus deltoides), and Black Oak (Quercus velutina).  Within the 
study area, timber occurs primarily along river valleys and directly along river and stream banks.  
This area is an ideal growing habitat for species including Elm, Cottonwood, and Willow 
(Thompson 1992).  Species including White Oak, Burr Oak, Black Oak, and Hickory also occur 
within areas designated as timber, but tend to have higher numbers in upland areas, and areas of 
transitioning land cover from timber to prairie (Burns and Honkala 1990, Thompson 1992).   
Table 30.  Species composition in GLO prairie 
Species Frequency % Composition 
Elm 31 25 
Burr Oak 26 20.97 
Cottonwood 12 9.68 
White Oak 12 9.68 
Black Oak 10 8.06 
Ash 6 4.84 
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Table 30.  (Continued) 
Species Frequency % Composition 
Hickory 6 4.84 
Willow 5 4.03 
Maple 4 3.23 
Black Walnut 2 1.61 
Hackberry 2 1.61 
Red Oak 2 1.61 
Box Alder 1 0.81 
Cherry 1 0.81 
Haw 1 0.81 
Linden 1 0.81 
Sycamore 1 0.81 
White Ash 1 0.81 
Total 124 100 
 
Table 30 provides a complete list of species present within areas delineated by GLO surveyors as 
prairie.  Within areas designated as prairie, the most frequent species were Elm, Burr Oak, 
Cottonwood, White Oak, and Black Oak.  Of these top five species, we would expect to see a 
high number of Burr and White Oaks, because they are present in upland forests and transitional 
areas between prairie and timber (Thompson 1992).  Additionally, in vast expanses of prairie, 
these species would be much more likely than Elm or Cottonwood.  These species tend to grow 
along rivers and streams in moist well drained soils (Burns and Honkala 1990). 
4.6  GLO Trees Genus and Species Analysis 
The sixth spatial question in this research was “What are likely species for trees identified only 
as Maple or Ash (trees lacking species identifiers) or identified only as Black (lacking genus 
identifier)?” The results of this analysis identified a genus or species for trees where multiple 
types may be native to Iowa.  The analysis was performed for 37 trees identified by the genus 
‘maple’, two trees identified only by the species ‘black’, and 35 trees identified only by the genus 
‘Ash’.  Of the 37 maples that were analyzed, 26 were identified as being Silver Maple (Acer 
saccharinum), with the remaining 11 being identified as Sugar Maple (Acer saccharum).  For the 
two trees identified only as black, one was identified as Black Walnut (Juglans nigra), and one 
was identified as Black Oak (Quercus velutina).  Of the 35 ash trees that were analyzed, 29 were 
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identified as Green Ash (Fraxinus pennsylvanica), and 6 were identified as White Ash (Fraxinus 
americana).  The results of this analysis for each GLO tree point are presented in Appendix VIII.  
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5    CONCLUSIONS AND RECOMMENDATIONS 
5.1 Conclusions 
The primary goal of this research was to provide information on historic timber and species 
composition analysis along historic GLO rivers to determine relationships that existing between 
landforms, edaphic factors, and these timber and tree species.  Analysis included seeking 
evidence of a fire shadow effect in Polk and Dallas Counties by analyzing distance and direction 
from GLO rivers to timber, analyzing species composition in relation to edaphic factors, and 
determining likely genus or species for GLO tree records that lacked this information.  
Conclusions for each spatial question analyzed in this research are discussed within this chapter 
of the thesis. 
Are areas of GLO timber greater on east and north (protected) sides of GLO rivers compared to 
the south and west (exposed) sides? 
Within the Polk and Dallas County study area, results indicate that GLO timber within the buffer 
was present in greater quantities (50.1%) to the north and east sides of GLO rivers compared to 
the south and west (49.9%).  These results support the hypothesis that rivers acted as fire breaks, 
and reduced the spread of fire to these protected zones, allowing timber to grow with less 
frequency of fires.  The results show that the difference between timber in the protected and 
exposed zones is fairly small, so additional analysis in expanded areas of the state may provide 
additional evidence of this relationship between rivers and timber composition.  
Are areas of GLO timber located on east and north (protected) sides of rivers further away from 
rivers than timber on south and west (exposed) sides? 
Based on this research, the hypothesis is that timber within the buffer is located closer to GLO 
rivers on the south and west (exposed) sides when compared to the north and east (protected) 
sides.  Analysis of the mean distance of timber to GLO rivers within the 1600 meter buffer did 
not support this hypothesis.  Timber to the north and east (protected) sides of GLO rivers had a 
mean distance value of 529 meters.  Timber to the south and west (exposed) sides of GLO rivers 
had a mean distance value of 557 meters.  This analysis would also benefit from expansion of 
this research into additional counties. 
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Is the composition of species on the protected side different than the species composition on the 
exposed side? 
Tree species composition also helped in our analysis of the fire shadow effect.  By enumerating 
what tree species were most abundant on the north and east (protected) sides versus the south and 
west (exposed) sides of rivers, we can search for evidence that fire played a role in suppressing 
the growth of certain species on exposed versus protected sides of  rivers (Crow 1988).   
Based on species composition results in protected and exposed zones in Dallas and Polk 
Counties, similar species occurred in both zones, but the frequencies of the species within these 
zones were different.  In the protected zone, White Oak was the most frequently occurring 
species, with 80 trees recorded (20.36% of total).  This ranking makes sense because White Oak 
was the second most abundant species in Iowa, behind only Burr Oak (Thompson 1992).  Elm 
(13.74%) also appeared in the top three species, and elm was an important floodplain species 
during and following early settlement of the state (Thompson 1992).  In the exposed zone, the 
dominant tree species was Burr Oak, with 76 trees recorded (14.64%).  The high presence of Burr 
Oak, a highly fire tolerant species, in the exposed zone supports the hypothesis.  Based on this 
analysis, there is no evidence that tree species composition is different in protected and exposed 
zones along GLO rivers. 
What are the most important tree species in the protected and exposed zones based on the 
calculated importance value index? 
Based on the analysis of importance values for species present in the protected and exposed 
zones, slight variations in species composition are evident when comparing protected and 
exposed zones.  Within the exposed zone, Burr Oak represented the highest importance value of 
all species.  Similar to the evaluation of GLO tree frequency in the previous question, the 
presence of Burr Oak as the most important species in the exposed zone (33.88%) supports our 
hypothesis.  This result is supported by literature on the effects of fire on species composition.  In 
the protected zone, White Oak (49.28%) and Elm (35.22%) are the two most dominant species.  
This result also supports the hypothesis that these species would have greater importance values 
in areas of less fire disturbance.  
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What are the spatial relationships between GLO species composition and edaphic factors 
including soil texture class, soil drainage class, slope steepness, slope aspect, and GLO 
vegetation type? 
Through the analysis of species composition in relation to edaphic factors, this research aimed to 
determine if relationships existed between GLO trees and their respective growing conditions.  
The majority of results did agree with and were supported by existing literature on trees and their 
growing habits.  Because many trees have the ability to grow in varying conditions other than 
those that are ideal for their maximum potential, it was difficult to isolate cases or examples or 
irregularity.  Additionally, because the GLO trees represent a sample of convenience, meaning 
that GLO surveyors tended to prefer certain species for marking over others (Iowa Valley 
Resource Conservation & Development 2011), these results may be biased in favor of these 
certain preferred species. 
What are likely species for trees identified only as Maple, Black, or Ash (trees lacking species 
identifiers)? 
By analyzing edaphic factors and information on neighboring tree species, a likely tree species or 
genus was established for those GLO tree records that were lacking this information.  For some 
trees identified only by species, this analysis was not necessary as only one species of the 
particular genus is native to the Iowa landscape.  The species that were analyzed using this 
technique included Maple and Ash.  Genus was analyzed for those trees identified only as Black.  
Often, one or more limiting characteristics (i.e. landscape position) led to the hypothesized genus 
or species.  Expansion of this study into additional counties in the future will benefit from the 
development of a Python script which automates this analysis by developing a series of maps for 
each factor being studied.   
Overall Conclusions 
Based on this study, there is not enough evidence to determine if rivers created a fire shadow 
effect in Polk and Dallas Counties.  There are several reasons that this may be true.  One possible 
answer is that there is no fire shadow effect within this study area.  Because of the high frequency 
of fire, vegetation in protected zones to the north and east of rivers may not have been protected.  
Second, because of the variability of natural processes and their relationship with biological 
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factors, a clear pattern may not exist.  Because other historic data (including pollen samples and 
tree ring studies that may provide additional information on the spread of fire) are not available 
for this area, expansion of the study completed in Polk and Dallas Counties may be the best 
alternative for finding evidence of this fire shadow effect. 
5.2 Recommendations 
To further analyze evidence of a fire shadow effect and our hypothesis that GLO Rivers acted as 
a fire break preventing the spread of fire to the north and east (protected) sides of rivers 
(Anderson 1998), additional steps may be taken.  Short-term recommendations include the 
following: 
1. Additional analysis of GLO tree composition based on fire resistance and fire 
tolerance of tree species. 
By analyzing GLO tree records based on fire sensitivity, it can be determined if there 
is a relationship between tree species that have a higher tolerance to fire and exposed 
zones to the south and west of rivers.  Presence of this relationship would provide 
additional evidence of a fire shadow effect.  Similarly, a higher presence of trees with 
a lower fire sensitivity can be analyzed in the protected zones to the north and east 
sides of rivers. 
2. Measure mean distance to GLO surveyor tree point theme to determine distances of 
tree records from GLO Rivers. (Euclidean distance Extract values to Points) 
Analyzing distances of tree records from GLO rivers would allow for comparisons 
between species and their mean distances to GLO rivers.  Comparisons could be 
made for species and their mean distances in both protected and exposed zones to 
determine their growth in relation to rivers, which could also provide additional 
evidence of a fire shadow effect, which may be more localized close to rivers 
3. Analyze tree species composition by six native Iowa forest communities at the time 
of GLO surveys (Oak-Hickory, Oak-Basswood, Bottomland Hardwoods, Riparian, 
Northern Conifer and Hardwood, and Oak-Cedar Glades) 
 
4. Continue research into ordination, relative dominance, species richness and diversity 
and other statistical measures used in ecological studies and the potential use of these 
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measures in the study.  Future studies could benefit from additional statistical 
measures to measure the accuracy of tree records, and provide statistical confirmation 
of results including timber distribution in relation to rivers and species composition 
analysis.   
5.  Add tree data from GLO township line surveys.  These data were not included in this 
study due to time constraints, but could provide additional data on tree species 
composition and species analysis.  These additional trees may also provide additional 
evidence of a fire shadow effect. 
Recommended long-term analysis includes: 
1. Model spatial and statistical relationships between GLO timber and Aeolian “sand 
shadow” 
This concept is similar to the fire shadow, with sand being blown to valley walls 
along rivers.  Because of this effect, sand would be present in higher concentrations 
on the north and east sides of rivers within the study area due to prevailing westerly 
winds during erosion.  Species composition could be studied in relation to these 
areas, and relationships between soil texture and tree species analyzed. 
2. Expand previous analysis to include additional areas within the state of Iowa, 
including Dubuque County (which includes more exaggerated differences in terrain) 
Expanding this study to additional counties would provide additional data to either 
confirm or refute results found in the study completed to date.  Additionally, by 
analyzing areas with different topography and other site factors, assumptions can be 
better made for the rest of the state. 
3. Model relationships between surveyors and vegetation classes (timber) 
By modeling these relationships between surveyors and vegetation classes, 
differences in classifications used by the surveyors can be analyzed.  This analysis 
can also assist in looking for evidence of surveyor bias and variability. 
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APPENDIX I   TREE SPECIES COMPOSITION FOR POLK COUNTY, IOWA 
Table 31.  List of tree species by frequency and percent composition for Polk County  
Species Frequency % Composition 
Burr Oak 161 17.7 
Elm 133 14.6 
White Oak 104 11.4 
Black Oak 88 9.7 
Cottonwood 81 8.9 
Linden 46 5.1 
Hickory 44 4.8 
Willow 43 4.7 
Ash 30 3.3 
Black Walnut 30 3.3 
Hackberry 28 3.1 
Maple 20 2.2 
Red Oak 20 2.2 
Red Elm 13 1.4 
Sugar Tree 10 1.1 
White Walnut 10 1.1 
Buckeye 7 0.8 
White Elm 6 0.7 
Haw 5 0.6 
Cherry 4 0.4 
Box Alder 3 0.3 
Hornbeam 3 0.3 
Sycamore 3 0.3 
Bitternut 2 0.2 
Black 2 0.2 
Blue Ash 2 0.2 
Coffeenut 2 0.2 
Ironwood 2 0.2 
White Thorn 2 0.2 
Cedar 1 0.1 
Double Elm 1 0.1 
Double White Oak 1 0.1 
Walnut 1 0.1 
White Ash 1 0.1 
Total 909 100.00 
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APPENDIX II   TREE SPECIES COMPOSITION FOR DALLAS COUNTY, IOWA 
Table 32.  List of tree species by frequency and percent composition for Dallas County  
Species Frequency % Composition 
White Oak 106 23.82 
Burr Oak 79 17.75 
Elm 73 16.40 
Black Oak 34 7.64 
Red Oak 26 5.84 
Cottonwood 22 4.94 
Linden 20 4.49 
Hickory 19 4.27 
Hackberry 16 3.60 
Ash 11 2.47 
Maple 11 2.47 
Black Walnut 7 1.57 
Sugar Tree 4 0.90 
Cherry 3 0.67 
White Walnut 3 0.67 
Willow 3 0.67 
Sycamore 2 0.45 
Walnut 2 0.45 
Boxelder 1 0.22 
Forked Linden 1 0.22 
Ironwood 1 0.22 
Red Haw 1 0.22 
Total 445 100.00 
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APPENDIX III   COMPOSITION IN AREAS WITH NO SOIL TEXTURE DATA 
Table 33.  Species composition by soil texture class (no texture data) 
Species Frequency % Composition 
Cottonwood 55 20.37 
Elm 41 15.19 
Willow 36 13.33 
Burr Oak 24 8.89 
Black Oak 20 7.41 
Hackberry 16 5.93 
Maple 14 5.19 
White Oak 14 5.19 
Ash 13 4.81 
Black Walnut 6 2.22 
Hickory 6 2.22 
Linden 6 2.22 
White Walnut 4 1.48 
Box Alder 3 1.11 
Buckeye 2 0.74 
Red Oak 2 0.74 
Sugar Tree 2 0.74 
Cedar 1 0.37 
Coffeenut 1 0.37 
Haw 1 0.37 
Sycamore 1 0.37 
White Ash 1 0.37 
White Thorn 1 0.37 
Total 270 100.00 
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APPENDIX IV   COMPOSITION IN AREAS WITH NO SOIL DRAINAGE DATA 
Table 34.  Species composition by soil drainage class (no drainage data) 
Species Frequency % Composition 
Cottonwood 60 20.07 
Elm 46 15.38 
Willow 35 11.71 
Burr Oak 25 8.36 
Black Oak 24 8.03 
White Oak 19 6.35 
Hackberry 16 5.35 
Maple 16 5.35 
Ash 14 4.68 
Linden 9 3.01 
Black Walnut 7 2.34 
Hickory 6 2.01 
White Walnut 5 1.67 
Box Alder 3 1.00 
Red Oak 3 1.00 
Buckeye 2 0.67 
Cedar 1 0.33 
Coffeenut 1 0.33 
Haw 1 0.33 
Red Haw 1 0.33 
Sugar 1 0.33 
Sycamore 1 0.33 
Walnut 1 0.33 
White Ash 1 0.33 
White Thorn 1 0.33 
Total 299 100.00 
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APPENDIX V   IOWA FOREST COMMUNITIES 
Table 35.  Iowa Forest Communities and Associated Tree Species 
Forest 
Community Landscape Description Common Species 
Oak-
Hickory 
Dry upland sites, south/west 
facing slopes 
Overstory: White Oak, Red Oak, Burr Oak, 
Shagbark Hickory  Understory: Ironwood, 
Chokecherry, Hackberry, Red Mulberry, 
Serviceberry, American and Slippery Elm 
Oak-
Basswood 
Relatively moist but well drained 
uplands, protected north and east 
facing slopes, and upper terrace 
levels in large stream valleys 
Overstory:  Red Oak, Sugar Maple, Black 
Maple, and Basswood (Linden), American 
Elm  Understory:  Ironwood, Black Maple, 
Sugar Maple, American Hornbeam, 
Slippery Elm, Black Cherry 
Bottomland 
Hardwoods 
Floodplain and low lying terraces 
in larger stream valleys 
Overstory:  Silver Maple, Green Ash, 
Hackberry, Black Walnut, Cottonwood, 
American Elm, Sycamore, Coffee Tree, 
Black Willow, Bitternut Hickory, Butternut  
Understory:  saplings of overstory species 
Riparian 
Along streams, sandbars, and 
lakeshores 
Overstory:  Cottonwood, Silver Maple, Box 
Elder, River Birch, Sandbar Willow, Black 
Willow, Peachleaf Willow  Understory:  
American Plum, Chokecherry, Elms, 
Willows, Wahoo, Elderberry 
Northern 
Conifer & 
Hardwoods 
Moist, steep, north facing slopes 
mostly in Northeastern Iowa 
Overstory:  White Pine, Balsam Fir, Paper 
Birch, Yellow Birch, Mountain Maple, Red 
Oak, Black Maple, Basswood (Linden), 
American Elm  Understory:  Quaking Aspen, 
Bigtooth Aspen, Black Ash 
Oak-Cedar 
Glade 
Alkaline soils, thin soils over 
limestone bedrock, primarily in 
eastern Iowa 
Dominated by Chinkapin Oak, and Easter 
Red Cedar 
 
Thompson, Janette R. Prairies, Forests, and Wetlands: the Restoration of Natural Landscape 
Communities in Iowa. Iowa City: University of Iowa, 1992. 42-54. Print. 
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APPENDIX VI   TREE SPECIES IMPORTANCE IN A SAVANNAH 
Table 36.  Relative Importance of Oaks and Other Trees in a Savannah 
 
Species Importance Value Invasiveness Fire Sensitivity 
Burr Oak 105.1 Low Very Low 
Black Oak 71.5 Moderate Moderate 
White Oak 61.9 Low Low to Moderate 
Shagbark Hickory 19.9 Low Moderate 
Northern Pin Oak 9.3 Low Low to Moderate 
Black Cherry 6.8 Moderate Moderate 
Paper Birch 6.3 Low High 
Quaking Aspen 4.6 High (clonal) High 
Red Oak 3.9 Low Moderate 
Green Ash 2 Low High 
Slippery Elm 1.7 Moderately High High 
Eastern Red Cedar 1.4 Low High 
Box Elder 0.8 Moderate High 
Big Tooth Aspen 0.7 High (clonal) High 
Basswood 0.6 Moderate High 
Black Walnut 0.3 High (clonal) High 
White Ash 0.2 Low High 
American Em 0.2 Relatively High High 
 
Curtis, John T. 1959.  Vegetation of Wisconsin.  University of Wisconsin Press. Madison 
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APPENDIX IX  PYTHON SCRIPT FOR GENUS/SPECIES ANALYSIS  
# Import necessary modules 
import arcpy, os 
# Enable Spatial Analyst Extension 
arcpy.CheckOutExtension("spatial") 
# Define variables 
path = os.getcwd() 
trees_path = r'd:\users\jdnelsen\Desktop\Final_Project_Files\trees' 
arcpy.env.workspace = trees_path 
arcpy.env.overwriteOutput = True 
map_document = path + '\\Template.mxd' 
trees = arcpy.ListFiles('*.shp') 
Trees = "Trees.shp" 
DrainTrees = "DrainTrees.shp" 
TextTrees = "TextTrees.shp" 
VegTrees = "VegTrees.shp" 
SlopeTrees = "SlopeTrees.shp" 
DistanceTrees = "DistanceTrees.shp" 
AspectTrees = "AspectTrees.shp" 
LandscapeTrees = "LandscapeTrees.shp" 
Soil_Drain = "Soil_Drain" 
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Soil_Texture = "Soil_Texture" 
GLO_Veg = "GLO_Veg" 
Slope_Percent = "Slope_Percent" 
River_Dist = "River_Dist" 
Slope_Aspect = "Slope_Aspect" 
Lndscp_Pos = "Lndscp_Pos" 
# Process: Extract Values to Points 
arcpy.gp.ExtractValuesToPoints_sa(Trees, Soil_Drain, DrainTrees, "NONE", 
"VALUE_ONLY") 
print "Extracting Soil Drainage Data to Point Theme" 
arcpy.gp.ExtractValuesToPoints_sa(DrainTrees, Soil_Texture, TextTrees, "NONE", 
"VALUE_ONLY") 
print "Extracting Soil Texture Data to Point Theme" 
arcpy.gp.ExtractValuesToPoints_sa(TextTrees, GLO_Veg, VegTrees, "NONE", 
"VALUE_ONLY") 
print "Extracting GLO Vegetation Data to Point Theme" 
arcpy.gp.ExtractValuesToPoints_sa(VegTrees, Slope_Percent, SlopeTrees, "NONE", 
"VALUE_ONLY") 
print "Extracting Slope Data to Point Theme" 
arcpy.gp.ExtractValuesToPoints_sa(SlopeTrees, River_Dist, DistanceTrees, "NONE", 
"VALUE_ONLY") 
print "Extracting River Distance Data to Point Theme" 
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arcpy.gp.ExtractValuesToPoints_sa(DistanceTrees, Slope_Aspect, AspectTrees, "NONE", 
"VALUE_ONLY") 
print "Extracting Slope Aspect Data to Point Theme" 
arcpy.gp.ExtractValuesToPoints_sa(AspectTrees, Lndscp_Pos, LandscapeTrees, "NONE", 
"VALUE_ONLY") 
print "Extracting Landscape Position Data to Point Theme" 
#Creating maps of each point and edaphic factors 
# Create a map document object 
mxd = arcpy.mapping.MapDocument(map_document) 
# Access the proper data frame 
df = arcpy.mapping.ListDataFrames(mxd)[0] 
# Loop 
for each_tree in trees: 
    print('processing: ' + each_tree) 
    # Create temporary layer file from given shapefile 
    temp_layer = 'in_memory\\' + each_tree[:-3] + 'lyr' 
    arcpy.MakeFeatureLayer_management(each_tree, temp_layer) 
    newlayer = 
arcpy.mapping.Layer(r'd:\users\jdnelsen\Desktop\Final_Project_Files\Reference_Shapefiles\polk
_soil_drainage.lyr') 
 
    # Add Soil_Drainage layer to map document 
    layer_object = arcpy.mapping.Layer(temp_layer) 
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    arcpy.mapping.AddLayer(df,layer_object) 
    arcpy.mapping.AddLayer(df,newlayer,"BOTTOM") 
    # Change extent of map 
    layer_extent = layer_object.getExtent() 
    df.extent = layer_extent 
    # Determine name of tree 
    rows = arcpy.SearchCursor(each_tree) 
    for each_row in rows:     
        tree_name = each_row.CommonName 
    del rows, each_row 
    # Print tree_name 
    # Change map title 
    titles = arcpy.mapping.ListLayoutElements(mxd, 'TEXT_ELEMENT') 
    title = titles[0] 
    title.text = tree_name + ' Soil Drainage' 
    # Print titles 
    # Export image 
    image_file = path + '\\' + tree_name + '_Soil_Drainage'+'.png' 
    arcpy.mapping.ExportToPNG(mxd, image_file) 
    # Remove added layer from map 
    arcpy.mapping.RemoveLayer(df, newlayer) 
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    # Add Soil Texture layer to map 
    newlayer2 = 
arcpy.mapping.Layer(r'd:\users\jdnelsen\Desktop\Final_Project_Files\Reference_Shapefiles\soilt
exturepolk.lyr') 
    arcpy.mapping.AddLayer(df,newlayer2,"BOTTOM") 
     # Determine name of tree 
    rows = arcpy.SearchCursor(each_tree) 
    for each_row in rows: 
        #state_name = each_row.getValue('NAME') 
        tree_name = each_row.CommonName 
    del rows, each_row 
     # Change map title 
    titles = arcpy.mapping.ListLayoutElements(mxd, 'TEXT_ELEMENT') 
title = titles[0] 
    title.text = tree_name + ' Soil Texture' 
        # Export image 
    image_file = path + '\\' + tree_name + '_Soil_Texture' + '.png' 
    arcpy.mapping.ExportToPNG(mxd, image_file) 
    # Remove added layer from map 
    arcpy.mapping.RemoveLayer(df, newlayer2) 
### 
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    # Add GLO Vegetation layer to map 
    newlayer3 = 
arcpy.mapping.Layer(r'd:\users\jdnelsen\Desktop\Final_Project_Files\Reference_Shapefiles\GL
O_Vegetation.lyr') 
    arcpy.mapping.AddLayer(df,newlayer3,"BOTTOM") 
    # Determine name of state 
    rows = arcpy.SearchCursor(each_tree) 
    for each_row in rows: 
        #state_name = each_row.getValue('NAME') 
        tree_name = each_row.CommonName 
    del rows, each_row 
# Change map title 
    titles = arcpy.mapping.ListLayoutElements(mxd, 'TEXT_ELEMENT') 
    title = titles[0] 
    title.text = tree_name + ' GLO_Vegetation' 
    # Export image 
    image_file = path + '\\' + tree_name + '_GLO_Vegetation' + '.png' 
    arcpy.mapping.ExportToPNG(mxd, image_file) 
    # Remove added layer from map 
    arcpy.mapping.RemoveLayer(df, newlayer3) 
###     
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    # Add Percent_Slope layer to map 
    newlayer4 = 
arcpy.mapping.Layer(r'd:\users\jdnelsen\Desktop\Final_Project_Files\Reference_Shapefiles\Perc
ent_Slope.lyr') 
    arcpy.mapping.AddLayer(df,newlayer4,"BOTTOM") 
     # Determine name of state 
    rows = arcpy.SearchCursor(each_tree) 
    for each_row in rows: 
        #state_name = each_row.getValue('NAME') 
        tree_name = each_row.CommonName 
del rows, each_row 
    # Change map title 
    titles = arcpy.mapping.ListLayoutElements(mxd, 'TEXT_ELEMENT') 
    title = titles[0] 
    title.text = tree_name + ' Percent Slope' 
    # Export image 
    image_file = path + '\\' + tree_name + '_Percent_slope' + '.png' 
    arcpy.mapping.ExportToPNG(mxd, image_file) 
 
    # Remove added layer from map 
    arcpy.mapping.RemoveLayer(df, newlayer4) 
### 
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    # Add Distance to Rivers layer to map 
    newlayer5 = 
arcpy.mapping.Layer(r'd:\users\jdnelsen\Desktop\Final_Project_Files\Reference_Shapefiles\Dist
ance_Rivers.lyr') 
    arcpy.mapping.AddLayer(df,newlayer5,"BOTTOM") 
     # Determine name of state 
    rows = arcpy.SearchCursor(each_tree) 
    for each_row in rows: 
        #state_name = each_row.getValue('NAME') 
        tree_name = each_row.CommonName 
    del rows, each_row 
    # Change map title 
    titles = arcpy.mapping.ListLayoutElements(mxd, 'TEXT_ELEMENT') 
    title = titles[0] 
    title.text = tree_name + ' Distance to Rivers' 
    # Export image 
    image_file = path + '\\' + tree_name + '_DistanceRivers' + '.png' 
    arcpy.mapping.ExportToPNG(mxd, image_file) 
    # Remove added layer from map 
    arcpy.mapping.RemoveLayer(df, newlayer5) 
### 
 
93 
 
    # Add Slope Aspect layer to map 
    newlayer6 = 
arcpy.mapping.Layer(r'd:\users\jdnelsen\Desktop\Final_Project_Files\Reference_Shapefiles\Slop
e_Aspect.lyr') 
    arcpy.mapping.AddLayer(df,newlayer6,"BOTTOM") 
    # Determine name of state 
    rows = arcpy.SearchCursor(each_tree) 
for each_row in rows: 
        #state_name = each_row.getValue('NAME') 
        tree_name = each_row.CommonName 
    del rows, each_row 
    # Change map title 
    titles = arcpy.mapping.ListLayoutElements(mxd, 'TEXT_ELEMENT') 
    title = titles[0] 
    title.text = tree_name + ' Slope Aspect' 
    # Export image 
    image_file = path + '\\' + tree_name + '_Slope_Aspect' + '.png' 
    arcpy.mapping.ExportToPNG(mxd, image_file) 
    # Remove added layer from map 
    arcpy.mapping.RemoveLayer(df, newlayer6) 
### 
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    # Add Landscape Position layer to map 
    newlayer7 = 
arcpy.mapping.Layer(r'd:\users\jdnelsen\Desktop\Final_Project_Files\Reference_Shapefiles\Lan
dscape_Position.lyr') 
    arcpy.mapping.AddLayer(df,newlayer7,"BOTTOM") 
     # Determine name of state 
    rows = arcpy.SearchCursor(each_tree) 
    for each_row in rows: 
        #state_name = each_row.getValue('NAME') 
        tree_name = each_row.CommonName 
    del rows, each_row 
    # Change map title 
    titles = arcpy.mapping.ListLayoutElements(mxd, 'TEXT_ELEMENT') 
    title = titles[0] 
    title.text = tree_name + ' Landscape Position' 
    # Export image 
    image_file = path + '\\' + tree_name + '_Lanscape_Position' + '.png' 
    arcpy.mapping.ExportToPNG(mxd, image_file) 
    # Remove added layer from map 
    arcpy.mapping.RemoveLayer(df, newlayer7) 
# Clean up looks 
del mxd 
